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1. 
INTROa^CTIOi; 
The Lindley aeries as it is triapped in Icjwa includes soils formed 
from Illinoian, Kansan, and Nebraskan till under the influence of forest 
vegetation. These Lindley soils developed under forest vegetation as 
well as soils developed under grassland vegetation from pre-Wisconsin 
till have forcied as a result of interrelationships of litbology, topo­
graphy, and time as well as current and post-climatic and vegetational 
environment of much of the Pleistocene. As a result the range in proper­
ties of these forested and grassland soils is quite marked (27). Several 
series have been established for ttie soils developed from pre-Wisconsin 
till under grassland vegetation. These are the Steinauer, Burchard, 
Shelby, Lagonda, and Clarinda series (22), Although a distinct range 
in properties of soils developed from crs-Wisconsin till under forest 
vegetation (27) has also been observed, these differences have not been 
distinguished in field mai.ping but are included in the Lindley series. 
This study was undertaken with the purpose of developing a better 
understanding of the nature and range of properties for the soils of the 
Lindley series as well as gaining a better understanding of the genesis 
of these soils. Such information should be valuable in determining if 
the range in properties of the Lindley series is too wide, and if so, to 
guide in the redefinition of the Lindley series and the establishment of 
new series. 
2. 
HISTORICilL AND LITERATURE REVIEW 
Development of Lindley Series Concept 
The first soil survey in Iowa (1902) was in Dubuque County (6), 
In this survey Miami was the principal soil series mapped. It included 
soils developed under both forest and prairie vegetation. It included 
also soils derived from terrace alluvium, drift, and loess. In 1904 it 
was decided that the darker colored soils previously included in the 
Miami series should be included in the f-Iarshall series established in 
1903 (37). 
In 1909 l^hitney (AO) considered the Miami series as being 
characterized "by the light color of the surface soils, by derivation 
from glacial material and by being timbered either now or originally," 
At that time the Marshall series included "the dark-colored upland glacial 
and loessial soils, which cover almost all of the great prairie region 
of the central west". In 1913, Coffey stated (5, p. 81)j 
In western Ohio, eastern central and northern 
Indiana, parts of Michigan, Wisconsin and Minnesota, 
and to a less extent in other sections, the drift 
contains a large percentage of ground-up limestone. 
In Ohio and westward the drift is rather thick ^.nd 
many boulders of ignous and metamorphic rocks are 
scattered over the surface. These soils are included 
in the Miami series. 
3. 
The Lindley series was first caapped in Iowa in Muscatine county in 
1914. (30). From that time until the Tama County Survey (1) the Lindley 
series included "light colored" soils developed from lowan and pre-
Wisconsin till and in some instances from sands associated with these 
tills. In Story County (I4) the forest-derived light colored soils 
occupying the gentle to sharply rolling slopes were mapped as the Lindley 
series. The till from which these soils developed is now clasEifur-i as 
Gary and Mankato (27). In the Boone County Soil Survey forest derived 
soils developed from till now recognized as Gary and Wankato had been 
classified in the Miami or Conover series (29). More recently these 
soils have been classified in the Ames or Hayden series (27). 
In the Tama County Survey (1) the Lindley series no longer included 
soils developed from sandy parent material but was restricted to soils 
developed chiefly from Kansan till. 
More recently some of the Gray-Brown Podzolic soils developed from 
lowan till have been classified as the Coggan series. Thus, the Lindley 
series now includes soils developed from pre-Wisconsin till (27). It is 
recognized that the present concept of the Lindley series includes soils 
that vary considerably in age, possibly ranging from Late Sangamon to 
Late Wisconsin in age (21). In Missouri the Gama series has been 
proposed for the red subsoil variant of Lindley (ii). 
The proposed Gamma series would likely include many of the Lindley 
soils developed in part in pre-Wisconsin time. 
It is evident that the concept of the Lindley series has been altered 
appreciably since it was first established. The Lindley series is now 
considered to be formed from pre-Wisconsin glacial till: the Kansan, 
/i. 
Hebraskan, or Illinoian, Furthermore, soils of sandy parent material 
are no longer included. 
Profile Properties of the Present Lindley Series 
Information on profile properties of the Lindley series has been 
chiefly descriptive. Information of this nature is recorded essentially 
in soil survey reports. For instance, in the Tama County Soil Survey 
Report (l) descriptions of the Lindley loam and Lindley silt loam, 
gently rolling phase, are given. The direction of recent work has been 
more towards accumilating information on the different series such that 
a better understanding of the genesis and important properties of the 
soils can be ascertained. Examples of this trend include a study of 
properties of some profiles of the Hayden series by Green (8) and a study 
of some var'^ants of the Garrington series by l«Jhite (39). The nature of 
this present study on the variation in the Lindley series represents a 
continuation of this trend. 
Buried Soils 
Most of the information relating to the Lindley series concerns 
studies of certain buried soils that have been classified as Gray-Brown 
Podzoiic and/or Gray I3rown-Red Yellow Podzolic intergrades (22) (25) 
(26). These soils have been observed to outcrop on the present day 
surface (21) and thus are included in the Lindley series. Following is a 
5. 
brief discussion of these buried soils, 
Simonson states that a large majority of the exposures of biiried 
soils in Iowa were apparently formed under forest vegetation on well 
drained sites (26), He concluded that the pattern of forest and prairie 
vegetation must have been much like the native vegetative cover of the 
present plain. He felt that the principal distinction was wider 
distribution of forest on the Kansan drift plain during the Yarmouth 
interglacial age. In more recent work in southwest Icwa, Rube and Cady 
(21) decided that in that area the buried Sangamon soils along the 
traverse on the primary and secondary divides as well as down the flanks 
of the divide units were formed under forest indicat^nr* that the doadnant 
vegetation on the Sangamon surface was forest. The modern soils 
developed from Wisconsin loess in all of these topOi^Taphic positions 
described by Ruhe and Cady have Brunizemic surface layers indicating 
they developed under prairie, 
Kay and Afjfel (12) in discussing the stratigraphy of Kansan till 
states that the oxidized and leached till phase at the surface of the till 
commonly has an accumulation of oxidized iron. This gives it a more 
reddish color than is present in the till phases below. This distinctly 
reddish compact leached till at the top of the drift was called the 
ferretto zone. Wood (4-1) described a ferretto zone in road cut exposures 
of Kansan and Kebraskan tills. A zone 2-3 feet in thickness was described 
as "till, deep brown, pebbly, a ferretto (thoroughly oxidized) zone," 
In another road cut a zone 1 foot in thickness was described as "till, 
brown, ferretto zone, witii pebble concentration on surface." In still 
another cut a horizon two feet in thickness was described as "till, buff 
6. 
to brown, a ferretto zone, with a concentration of pebbles and cobbles, 
leached". 
Scholtes ^  al. (22) in discussing several buried soils presuiaably 
derived from Kansan till designated the ferretto zone as the B horizon 
of a Gray-Brown Podzol or a Red-Yellow Podzol, In comparing the 
morphology of these buried soils to present Gray-Brown Podzolic soils in 
the same areas it seemed to them that the buried soils had either 
weathered for a longer period of time than present soils, or had weathered 
under a somewhat wariaer climate than present soils, 
Simonson (25) describes buried soils which he classifies as Gray-
Brown Podzols, He states that the stronger chromas and slightly redder 
colors of the horizons of these buried Gray-Brown Podzolic soils 
suggest that they are gradational toward Red-Yellow Podzolic soils. He 
considered that the product of a long interval of time and a low climate 
intensity could be the same as the product of a short interval of tiiae 
and a.high climatic intensity. Consequently, he felt that it was not nec­
essary to postulate a warmer climate during Yarmouth time. 
Ruhe and Cady (2l) discussed buried soils in southwestern Iowa tiiat 
they considered to be Late Sangamon in age. Characteristics of the Late 
Sangamon soils were the reddish brown colors and the pedi-sediment in 
the upper part of the profile, iiie stone line, and the glacial till in 
the lower part of the profile. The soils of the Late Sangamon 
pediment were believed to be comparable in morphology to modern Gray-
Brown Podzolic soils, 
Frye and Leonard (7) mention the prevalence of reddish colors among 
buried soils in Kansas and discuss the possible significance. Thorp, 
7 
Johnson and Reed (34., p. 12) state the followings 
Eastward from eastern f^ebraska and western Iowa, 
some of the buried Sangamon soils are Podzolic and 
probably were developed under forest. These pro­
files here have many characteristics in common with 
Gray-Brown Podzolic and Red-Yellow Podzolic soils 
developed under forest cover, and under climate 
warmer than present ones. 
From a study of selected buried soils, Simonson (25) considered 
that the many similarities between the buried and modern profiles of 
Gray-Brown Podzolic soils were the basis for placing them in one great 
soil group. He called attention to the similarities in clay distribu­
tion curves, cation exchange capacities, and the general appearance and 
sequence of horizons. The types of clay minerals in the buried and 
modern soils were also the same according to exchange capacities and 
differential thermal analyses. 
Ruhe and Cady (21), on the basis of petrographic analysis of the 
sand fraction of a Late Sangamon buried soil concluded that the profile 
was not intensely weathered, Weatherable mineral particles such as 
granite, feldspar, basalt, and gabbro were present in considerable 
quantities throughout the profile. The depth below the top of the 
solum to the zone of most readily weatherable material, sudi as limestone 
and dolomite, was 90 inches. The thickness of the solum was 36 inches. 
The ratio of the clay content of ttie B to the G horizon was 1.2:1.0, 
8. 
Genesis of the Lindley Soils 
From the preceding discussion of buried soils and profile properties 
of the Lindley series it is evident that the genesis of the Lindley 
series is complex. For areas in Iowa where soils have developed from 
Kansan till under the influence of prairie vegetation a somewhat similar 
complexity of soils exists. Several soil series have been established 
to represent variations in these soils, Scholtes ^ .(22, p. 298) 
discuss these series as follovst 
In the BuTchard soil the B horizon would consist 
of only slightly weathered Kansan till, but the 
Steinauer s'oil would have no B horizon as the 
unleached till lies immediately below the A 
horizon. The Shelby soil has a more strongly 
developed B horizon than the Burchard and 
Steinauer soils, and the Lagonda soil in turn has 
a more strongly developed B horizon than 'Uie Shelby 
soil. 
In the Taylor County Soil Survey Report (23) it was thought that 
many of the Shelby and Gara soils formed from Kansan and/or Nebraskan 
till were probably exposed by early Wisconsin dissection rather than by 
Kansan or early Illinoian dissectirn. The Lagonda soils were considered 
to have formed on a pre-loess (pre-Wiscon sin) landscape. 
It would be expected that the genesis of the Wisconsin age variants 
of the Lindley series would be quite different from that of the exhumed 
buried soils. It would seem likely that the Wisconsin age variants of 
the Lindley series would be similar in their genesis to Gray-Brown 
Podzolic soils of late Wisconsin age such as the Hayden series developed 
from Gary aiid Mankato till and the Coggon soils developed from lowan till. 
Buried soils that outcrop on the present day surface would probably have 
9. 
genesis that is much more complex. Changes in climate and in vegetation 
are factors that would tend towards making the genesis of these exhumed 
buried soils more complex. 
Permissible Range in Series 
In determining the permissible range in a soil series a ma.jor con­
cern is one of creating a soil series that has homogeneity of properties 
which are relevant to the making of predictions in the use and management 
of the soil to grow plants {18). The range in properties of the series 
depends on liie pedogenic concepts and the practical uses of the soil. As 
more is learned about a soil the added knowledge may dictate the need 
for more refined separations. 
An example of this is the development of the concept of the Grundy 
series in southern Iowa (9). Prior to about 19^0 it was mapped 
extensively in this area. But, as a result of increased knowledge regard­
ing the genesis of soils in this area it has become possible to refine 
the per issible range of properties of liie Grundy series. As a result 
it is now mapped much less extensively and the rani-e in properties is 
less wide^ 
Another example is demonstrated by the Sielby series. Until about 
194.5 the Shelby series in southern Iowa included the dark colored soils 
developed from Kansan and Nebraskan till (3). As more was learned about 
these soils it became increasingly evident that refinements were 
necessary. Certain variations included with the Shelby series were 
recognized as new series. Thus, as a result of establishing the Glari.nda, 
Lagonda, and Steinauer series, the range in the properties of the Sbelby 
series became more narrow. 
At the present time the concept of the Lindley series is at a stage 
similar to that of the Shelby series prior to about 1945. It is 
anticipated that information obtained from this study along with other 
available information will be valuable in deciding if, and if so, what 
refinements in the Lindley series are desirable at this time, 
Kistoiy of wie Pleistocene in Iowa 
As the Lindley series now includes only forest-derived soils formed 
from pre-Wisconsin age till materials, a brief discussion of the 
I I 
Pleistocene events in Iowa is appropriate. The chief aim of this resume 
is to aid in illustrating where and to what extent pre-Wisconsin age till 
materials are likely to be present on the modern day surface. 
Years ago according to Kay (12) the first, or the Nebraskein, glacier 
deposited till over all of Iowa. Thousands of years later the second 
or the Kansan glacier also deposited till over all of Iowa except a 
limited area in the northeastern part of the state. For the most part it 
buried the Nebraskan till (12). Following the Kansan glacier the 
Illinoian glacier covered a comparatively small area in the south­
eastern part of Iowa. Ihus, the Illinoian till is of limited extent in 
Iowa, R blantret of loess (Loveland loess) was laid down over parts of 
Iowa during the Sangamon inter-glacial period. In parts of southwestern 
Iowa thick deposits of Loveland loess overlying Kansan till have been 
reported by Ruhe (21), 
In the Wisconsin glacial age in succeeding order lowan, Tazewell, 
Gary and Mankato drifts were deposited (27). Wisconsin loess was 
deposited extensively on the Kansan, Illinoian, and Loveland deposits 
(27). Therefore, the exposure of pre-Wisconsin glacial tills is 
essentially limited to areas where Wisconsin glacial deposits do not 
occur, and where Wisconsin or Loveland loess are absent. 
Exposure of Pre-Wisconsin Tills in Iowa 
In Figure 1, the approximate acreages of exposed pre-Wisconsin tills 
are listed for a nuraber of counties of southern Iowa (3). Generally, the 
extent of exposure is related to topography of the area and to thickness 
of the Wisconsin loess. 
The Wisconsin loess that mantles the pre-Wisconsin tills in south­
eastern Iowa has been reported by Hunter (9) to tiiin exponentially in a 
southeasterly direction from an area of quite thick loess near State 
Centre, In southwestern Iowa Hutton (10) found the Wisconsin loess thins 
exjjonentially in a southeasterly direction from the Missouri River 
bottoms. This is also illustrated by the loess thickness map of Iowa 
in Figure 2. As the loess thickness data were obtained on level to 
nearly level divides, the loess thickness is essentially a map showing 
maximum thickness of loess in the various areas. 
It can be seen from Figure 1 that in a county as Taylor County, pre-
Wisconsin till occurrs extensively, but in counties as Montgomery and 
Harrison the pre-Wisconsin tills are mostly buried by loess. 
Fig, 1, Acreage of pre-Wisconsin till soils and Lindley soils for 
counties in southern Iowa as reported in Soils of Iowa. 
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It is evident from the map showing the general patterns of topogra­
phy in Iowa in Figure 3 that the areas not covertid by Wiscaisin drift 
are in general more rolling and hilly. The principal belts of hilly 
lands occur along the larger rivers, Kay (12) has reported that in 
southern Iowa the western part has the least dissected topography. This 
is also illustrated by the map in Figure 3. 
The distribution of original forest cover in Iowa as shown in 
Figure 4 was concentrated in the northeastern and southeastern parts of 
Iowa. 
In Figure lis given the acreage of Lindley silt loam and loam 
types mapped in a number of counties in which pre-Wisconsin tills are 
exposed (3). In these counties the glacial till presumably is chiefly 
Kansan. As would be expected from the loess thickness and topography 
patterns, and from the original forest cover, the highest amount of 
Lindley types occur in the southeastern part of the state. The acreages 
reported here to not necessarily represent all of the acreage that 
would be considered Lindley, For instance in Van Buren County (31) a 
considerable amount of the tlll-derived soils are included with the 
Clinton silt loam (steep phase). 
Fig. 3. General patterns of topography in Iowa. 
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FIELD STUDIES 
Detailed Soil Maps 
In order to obtain a general idea of the nature of the variations 
that occur in the Lindley series, nuinerous observations were made of Gray-
Brown Fodzolic profiles developed from Kansan till in southern Iowa. 
These observations involved examination of many profiles in the field 
and in road cuts. In addition the problem seemed to require a detailed 
study of selected areas. Therefore, two areas were selected in Lucas 
County in vhich highly detailed soil maps were aade. On these maps a 
number of variations of soils developed from the Kansan till under the 
influence of forest vegetation were delineated. 
The areas were selected using the following criteria: The parent 
material was mostly Kansan till or presumed to be Tansan till. The area 
had been under forest vegetation. A ridge was present in the area that 
was covered, at least in part, by loess. The area was at least 
partially cleared but not in cropland. 
The two areas selected were designated as Tract I and Tract II, 
Tract I is located in east central Lucas county and is 15 acres in area. 
Tract II is located in west central Lucas county and is 25 acres in area. 
The soil and topographic maps for these two tracts are da own in Figures 
5 and 6 respectively. 
Fig, 5. Soil and topographic map of Tract I. 
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25. 
Variations in soils th t had formed from Kansan till as well as so:"Is 
developed from loess and colluviuca were delineated on thesa ma.ps. In order 
to properly illustrate the occurrence of these variations a much larger 
scale of base map than nortrial was used. The scale of 'tiie base map used 
for these two tracts was 64 inches to the mile. This compares to 4 and 
8 inch to a Diile scales used in county soil surveys. In the mapping 
of the soils on these tracts borings were aade and information recorded 
at 75 foot intervals along traverses paralleling each other at 150 
foot intervals. In the initial maprdng borings vere made at 25 to 50 
foot intervals to establish the soil pattern. Throughout the mapping 
additional borings were made when needed to locate the soil boundaries. 
In addition to the soil map, a topographic map was prepared for each 
tract. The contour lines were established with the aid of an Abney level. 
A line was established for eveiy 10 foot rise in elevation. The contour 
lines were identified by their elevation above th& lo./est point in "the 
tract. Thus, the lowest point would be 0, the line immediately above 
0 would be 10, the line immediately above 10 would be 20, and so on up 
the slope. 
On the basis of field morphology five subdivisions tentatively 
designated as variants were made of the Lilor series. These separa­
tions were indicated on the map as LA (variant A), LB (variant B), LC 
(variant C), LD (variant D), and LE (variant E), The average percent 
slope as measured with an Abney level in each separation was either 
listed below or immediately to the right of the variant. Thus an area 
designated as I£-25 or LE would identify the soil as variant E of the 
25 
Liadley series and would indicate that the slope of that area 1. •, Toxa-
26. 
mately 25 percent. 
The approximate acreages of the Lindley variants on the two tracts 
delineated are listed in Table la. In addition acreages of Waller silt 
loan, a loess-derived soil, and an unidentified soil developed from 
colluvium are given. The acreage of the different separations were 
determined by the use of a grid which had subdivisions of varying sizes. 
Table la. Acreage of soil separations in Tract I and Tract II 
Soil 
separations 
Acreage of 
separations 
in Tract I 
Acreage of 
separations 
in Tract II 
Variant A i 
Variant B A 7-^  
Variant C A 
Variant D 7 
Variant E % 1 
Weller b 2 
Colluvium 2 A 
As shown in Table la variants B, Q, and D are the tnain soil separations 
in the area of the Kansan till. Variant E is minor in occurrence totaling 
approximately 1^ acres in Tract I, and 1 acre in Tract II, Variant A is 
still more limited in extent representing an area approximately j acre 
in size in Tract I, 
The taoi'phological characteristics of key horizons for the Lindley 
variants are presented in Table lb. These characteristics served as a 
basis for making the separations in Tract I and II, Representative 
profile descriptions of variants B, C, and D were made when profile sam­
ples were collected from pits. Profile P-A59 was collected from an area 
Table lb. 'orphological properties for key horizons of the Lxndley variants separated, in 
field aiapping 
Lindley 
variant 
Depth to 
carbonates 
Texture 
of Bg 
horiizon 
Color of B2 
horizon 
Structure 
of 
horizon 
Consistence 
of B2 
Thickness 
of pedi-
sedimen t* 
VariantLA clay brown to reddish 
brown with many 
red mottles 
strong sub-
angular 
blocky 
very firm greater 
than 
25 inches 
Variantlb clay brown to reddish 
brofv/n with many 
red mottles 
strong aub-
angu lar 
blocky 
very firm less than 
25 indies 
VariantLC clay strong brown few 
to common red 
mottles and red­
dish brown coat­
ings on pads 
medium to 
strong sub-
angular 
blocky 
veiy firm 
Variant |J) 24" loam or 
clay 
loaffl 
yellowish brown 
with strong coat­
ings on peds 
medium sub-
angular 
blocky 
firm to 
very firm 
Variant LE 24" loam or 
clay 
loam 
yellowish brown 
with strong 
brown coatings 
on peds 
medium sub-
angular 
blocky 
firm to 
veiy firm 
* Pedi-sediment - a till-like sediment veneering a pebble band. 
28. 
maDDed as LD in Tract II, Profile F-531 was collected from an area 
Biapred as LC in Tract II, Profile P-532 was collected from an area 
mapped as LB in Tract II, The location of these samples are shown in 
Figure 6. Descriptions of these profiles are given in the section on 
soil profile descriptions, A description of a profile classified as 
Lindley variant A wh ch was taken from an area mapped as LA in Tract I, 
The site at tAich the description was written is shown in Figure 5« 
Standard terminology as defined in the Soil Survey Manual (28) is used 
for these descriptions. 
Description of a profile classified as Lindley variant A; 
0-|6 inches-Very dark grayish brown (lOYR3/2)j dark brown 
(IOYR3/3) when crushed; friable loamj moderate fine to medium 
granular to weak fine subangular blocky structure, 
6-10 inches-Dark brown to brown (10yR4/3) with many very 
dark grayish brown (10YR3/2) mottlesj friable loam; weak to 
moderate medium subangular blocky breaking to moderate medium 
granular structure, 
10-16 inches-Yellowish brown (10YR5/6) and a few light 
brownish gray (2,5Y 6/2) mettles and a few brown (7,5YH5/4-) 
coatings on pedsj friable clay loam; medium to weak fine to 
very fine subangular blocky structure, 
16-2A inches-Yellowish brown (10YR5A) with common 
reddish brown (7,5YR6/8) and common light brownish gray (2.5Y 6/2) 
mottles; a few reddish lirown (5YR^/A) coatings on peds; friable 
clay loam, weak to medium fine subangular blocky structure, 
36-50 inches-Ferretto zone with pebble band in upper most 
part. 
29. 
Lindley variants A and B had pebble band in the upper part of a 
ferretto* zone with a till-like naterial or sedi:;;ent above the pebble 
band. Sediment veneering a pediment has been designated as pedi-sediment 
by Ruha and Cady (20), This material has also been referred to as a 
translocated sediment by Ruha and Cady (21). 
Variant A of Lindley included soils that had a pedi-sediment over 
24. inches thick. Soils having a ferretto zone of clay texture and a 
pedi-sediment less than 24 inches -Uiick were mapped as variant B. The 
ferretto zone of variants A and B generally was about 15-20 inches thick, 
and was of clay texture. 
The A horizon of variant B was about 4-S inches in thickness. Its 
color was veiy dark grayish brown to dark grayish brown. It was loam in 
texture. Where the pedi-sediment was 18-24 inches tiiick the lower part of 
the pedi-sediment was a friable loam of strong brown color. The ferretto 
zone varied in color from brown to reddisii brown in the matrix. Many red 
mottles and in some cases li^t brownie gray mottles were present. This 
zone was a plastic clay generally havin, a strong subangular blocky 
structurt-:). In the layers below the ferretto zone, the color v;as a strong 
brown to yellowish brovm and clay loam or loam in texture. 
The term ferretto is uscJ quite extensively in the literature but 
is loosely defined, ?or examploj Kay and Apfel (12) refers to a ferretto 
zone as l^ie distinctly reddish cor .iact leached till at the top of the 
drift. In this study a ferretto Kone in Kansan till was considered to 
exist if the matrix color had a hue 7, SlfR or redder and chroma of 4 or 
greater, and mottles with a hue of 5YR or redder and chroma of 3 or 
greater and/or coatings on peds of this hue and chroma (based on Munsell 
color notations). 
30. 
The pebbles on the surface of Lindley variant D were not nearly as 
numerous as in variant C, the number being somewhat comparable to that 
found in unweathered till. In variant D tiie thickness of the was more 
variable than in variants B and C, varying from 2-10 inches in thickness. 
In some areas this greater thickness was a result of colluvium frotn 
above. The color of the was a very dark grayish brown. The texture 
for the most part was a loaa but in some cases it was a heavj' sandy 
loam. The color of the B2 horizon was yellowisfa brown with rt ig brown 
coatings on the peds. It was clay loam or loam in texture and had a 
medium subangular blocky stinicture. 
Variant E was quite similar to variant D except "Uiat it was calcare­
ous within 24 inches and frequently had grayish brown mottles in the B 
horizon. 
As illustrated by the topographic maps in figures 5 and 6 variants 
A and B occur on the ridges and uppermost slopes. They occur on a 
slope ranging between 5-10 percent. Variant C occurs downslope from 
variant B and ranges in slope between 12-15 percent in these two tracts. 
Variant D occurs downslope from variant C and ranges between 17 and 25 
percent in slope. Variant E generally occurs downslope froni variant D 
and occurred on a slope as high as 30 per cent in Tract II. 
Transect Studies and Landscape Rela­
tionships of the Lindley Variants 
Figure 7 is a block diagram illustrating a generalized relationsliip 
between these units as found in Tracts I and II, Variants A and B occur 
on the ridge and upper part of the slope. They have a clay ferrstto 
zone with a pebble band in the ui-Hertnost part, k varying thickness of 
pedi-sediment is present above the pebble band. 
Variant C occurs down slope froEn variant B and has abundant pebbles 
on the surface and in the surface horizon. It has a ferretto zcn^ of 
clay loam texture. Variant D occurs down slope from variant C and aoes 
not have a ferretto zone or a zone where pebbles are concentrated. In 
variant E calcareous till occurs usually at a depth of 12 to lA inches. 
In Tract I the pedi-sedlir-v was observed to thicken near the loess-
till contact. In order to show the landscape relationships of the 
ferretto zone, pebble band, pedi-sediment and loess, two transects were 
studied at right angles to each other. They are designated as Transect 
A and Transect B in Figure 5. Borings were taken at 28 foot intervals. 
Variations along transect A are diagrammed schematically in Figure 8, 
The vertical axis is exaggerated 13.4. times over that of the horizontal 
axis. At the lower end of the transect the pedi-sediment, has a tiiickness 
of 15 inches. Going up the slope its thickness increases until it is about 
30 inches. Where loess was first identified, the thickness of the pedi-
sediment was about 30 inches. Continuing up the slope the loess thickens 
but the thickness of the pedi-sediment remains about 30 inches. Throughout 
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Fig. 7. Block diagram eh owing relationships of Lindley variants. 
Fig, 8, Transect A shewing relationship of ferretto 
zone, pebble band, pedi-sediment, and loess. 
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the transect a pebble band is present occurring at the top of a ferratto 
zone. The ferretto zone has a thickness of around 15-20 inches through­
out the transect. 
Transect B was made at ri^t angles to transect A. Variations along 
it are illustrated schematically in Figure 9. Similar relationships as 
those observed in transect A are observed in transact B, Progressing up 
the slope the thickness of the pedi-sediment increased from about 15 
inches to 30 inches. V/here the pedi-sediment reached a thickness of 30 
inches loess was identified. Going farther upslope tiie loess increased 
in the thickness but the thickness of the pedi-sediment remained abcwt 
30 inches. 
The relation^ips observed in these transects were also observed in 
several road cuts and railroad cuts in Lucas and neighboring:: counties. 
In Figure 10 is shown a schematic diagram of a road cut in northwestern 
Lucas County. This cut was quite representative of roac cuts in this 
area. In the diagram the pedi-sediment, about 30 inches in thickness, 
is shown to lie below the loess. The ferretto zone is about 15 inches 
in thickness, A pebble band is present in the upper part of the ferretto. 
For a detailed description of this cut see the description for P-457, 
In Figure 11 is shown a schematic diagram of a railroad cut in 
Henry County. The stratigraphic relationships of the different zones are 
similar to these in the roadcut diagramed in Figure 10, Profiles P-4.55 
and P-A56 were collected at this railroad cut. 
Fig, 9, Transect B showing relationship of ferretto 
zone, pebble band, pedi-sediment, and loess. 
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Fig. 10. Road cut in Lucas County showing relationship 
of ferretto zone, pebble band, pedi-sediment, 
and loess. 
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Fig, 11, Burlington railroad cut showing relationship 
of ferretto zone, pebble band, pedi-sedimen t, 
and loess. 
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DESCRIPTION OF SOIL PROFILES COLLECTED 
Seven profiles were collected for laboratory studies. Tiiese pro­
files were selected to represent the principle variations that have been 
recognized in the Lindley series as a result of general field observa­
tions, froa variations found in the highly detailed laapping, and from 
the transect studies. Detailed aorphological descriptions were made for 
each profile. 
In addition to the seven profiles three buried profiles were 
collected. These pirofiles represented buried soils wh ch had ferretto zcmes, 
pebble bands in the uppermost part of the ferretto zones, and trans­
located sediment above the pebble band. In these buried soils the thick­
ness of tho translocated sediment and the color and texture of the ferretto 
zone varied. 
The approximate locations of the ten profiles are ^own in Figure 12, 
Description for profiles P--453, P-454., P-A55, P-ii56, P-457, P-^58, 
and P-4.86 follows. Descriptions for profiles P-459, P-531, ind P-532 
were presented in the previous section. Standard terminology as defined 
in the Soil Survey I^anual was used (23), Color designations were for 
moist soils according to I-funsell color standards. Horizon designations 
follow the notations and definitions given in the Soil Survey Manual and 
are as followss 
Fig, 12, Location of profiles collected for laboratory studies. 
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Horizon Depth Horizon 
number inches designation Description 
P-4.53. Location; 150 yards south and 350 yards west of NW corner of NW 
lA NW l/I4 Section 19 T70N; R6W, Henry County, Iowa. Collected by Frank 
Riecken and Robert Prill in October, 1953. 
P--453-1 0-1.5 Very dark gray (10YR3/1) when moist; 
dark gray (IOYR4/I) when dry; friable 
loam; vjeak medium granular tending 
towards crumb structure. 
F-^53-2 1.5-5 A 1 Dark gray (lOYa^/l) when moist; gray to dark gray (10YR5/l,5) when dry; friable 
loam; weak medium platy structure. 
P-^53-3 5-8 Dark grayish brown (10YR4/2) when 
moist; light brownish gray (10!tR6/2) 
when dry; friable loam; moderate medium 
platy structure. 
45. 
Horizon 
number 
Depth 
inches 
P-A53-4. 3-11 
P-453-5 11-15 
Horizon 
designation 
'21 
Description 
Yellovish brown (lOYRSA) when raoistj 
brown to pale brovra (10YR5.5/3) when 
dry with lii^ht gray (2.517/2) coatings 
on pads; friable to firm loam; weak to 
moderate medium subangular blocky struc­
ture. 
Yellowish brown {10YR5A) when moistj 
light yellowish brown (10YR6/ii) when 
dry with light gray (2.5y7/2) coatings 
on peds; friable to firm loatn; 
moderate medium subangular blocky 
structure. 
P-453-6 15-21 
P-453-.7 21-27 
P_A53_8 27-31 
P-453-9 33-AO 
'22 
2^3 
'31 
Yellowish brown (10YR5/ i4) vAien moist; 
firm loaE; moderate taediuE subangular 
blocky structure. 
Yellowish brown {10YR5/6) iiriien moist; 
firm loam; moderate medium subangular 
blocky structure. 
Yellowish brown (10YR5/6) when moist; 
firm sandy loam; massive; sand pockets 
present in this horizon. 
Yellowi^ brown (10YR5/4.) with common 
brown (7,5YR5/4) and common light 
brownish gray (2,5Y 6/2) mottles; firm 
loam; massive; a few ferro-raanganiferous 
concretions. 
P-454.. Location: 170 yards south and 35 yards east of NE corner of 
1/4 Sl\' 1/4 Sect. 24 R lOW; T VIN, Jefferson County, Iowa. Collected by 
Frank Riecken and Robert Prill in October, 1953. 
P-454-1 0-1.5 AQ Dark gray (10YR4/1) when moist; grayisb 
brown to light brownish gray (10YR5.5/2) 
when dry; very friable loam; weak 
granular tending towards crumb structure, 
P-454-2 1,5-4 A-j^ Dark gray (10YR4/1) when moist; light 
brownish gray (10YR6/2) when dry; very 
friable loam; weak medium platy struc­
ture. 
46. 
Horizon 
number 
Depth 
inches 
P-/+54-3 4-7 
P-454-4 7-10 
P-.454-5 10-13 
P-454-6 13-19 
P-454-7 19-23 
P-454-8 23-28 
P-454.-9 28-33 
P-454-10 33-40 
Horizon 
designation 
B 12 
®21 
B 22 
B 23 
B 31 
B 
32 
Description 
Grayish brown (10yR5/2) when moist; 
light brownish crray (10YR6/2) with com­
mon light yellowieh 'irown (IOYR6//;) 
mottles when dry; very friable loam 
moderate taedJuin platy structure. 
Strong brown to yellowish brown (8.75Y 
R5/6) with many very pale brown 
(lOni7/3) coatings on peds; hard loam; 
moderate mediua subangular blocky 
structure. 
Strong brown (7,5YR 5/6) with naany red­
dish brown (5YR4/4) mottles; many pale 
brown (10YR6/3) coat ings on peds; firm 
to very firm loam; moderate to strong 
subangular blocky structure; presence 
of a pebble band. 
Reddish brown ($YR4/4) with many strong 
brown (7.5YR5/6) common red (2.5YR 4/6) 
mottles; very firm clay loam; moderate 
to strong subangular blocky structure; 
presence of a pebble band but not as 
pronounced as above horizon. 
Reddish brown (5YR4/4 with many strong 
brown (7.5yR5/6j and common red (2,5YR 
4/6) mottles; very firm clay; strong 
fine subangular blocky structure. 
Strong Town (7,5YR5/6) with many 
reddish broin (5YR4/4) and few red 
(2,5rR4/6) mottles; very firm clay; 
moderate subangular blocky structure. 
Strong brown (7.5YR5/6) with common 
reddish brown (5yR4/4) and few to common 
li^t broiraish gray (2,5Y6/2) mottles; 
very firm clay loam; massive. 
Yellowisii brown (10YR5/6) with many 
lij^t gray (2.5Y7/2) and few reddisi) 
ferewn T5YR4/4) mottles; very firm clay 
loam; massive. 
47. 
Horizon Depth Horizon 
nuiaber inches desifcnatlon Description 
P-454-11 40-50 C, Yellowish brown (10YR5/6) with many strong 
brown (7yR5/6) and few light gray (2,5Y7/2i 
mottles; very firtu sandy clay loam; 
massiveJ common ferro-manganiferous con­
cretions; Sand pockets are present in this 
horizon. 
P-455. Location; On south bank of railroad cut 130 yards west of highway' 
34 bridge crossing Burlington railroad and 25 yards north of highway 34, 
NEl/4 Section 6 T, 71N, R7W, Henry County, Iowa. Collected by Robert Prill, 
July, 1954. 
Seventy inches of loess over: 
P-455-1 0-5 A^, Dark yellowish brown to yello idi brown 
(10YR45-4) with many light brownish gray 
to light gray (2.5X65/2) and few strong 
brown (7.5Yfi5/3) mottles; friable silt 
loam; moderate fine subangular blocky 
structure; dark reddish brown (5YR3/2) 
stains in root channels, 
P-455-2 5-11 A,, „ Dark, yellowl^ brown to yellowish brown 
(10YR4,5/4) with many light brownish 
gray to li^t gray (2.5Y6.5/2) and few to 
common strong brown (7.5YR5/S) mottles; 
friable silt loam; moderate fine sub-
angular blocky structure; dark reddish 
brown (5YR3/2) stains in root channels. 
P-455-3 11-17 Ajbi Dark yellowi^ brown to yellowish brown 
(10YR4.5/4) with many li^t brownish 
gray to light gray (2,5Y65/2) and commco 
yellowish brovm (10YR5/6) mottles; dark 
reddish brown (5YR3/2) stains in root 
channels; very friable loam; weak to 
moderate fine subangular blocky structure. 
P-455-4 17-22 ^2b2 Dark yellowish brown to yellowish brown 
(10YR4.5/4) with common light brownish 
gray to light gray (2,5Y6,5/2) and common 
yellowi^ brown (10yR5/6) mottles; dark 
reddish brown (5YR3/2) stains in root 
channels; very friable loam; weak to 
moderate fine subangular blocky structure. 
43, 
Horizon Depth Horizon 
number inches designation Uescription 
P-455-5 22-27 B Ibl 
P~455-6 27-30 B lb2 
P-455-7 30-34 B 
lb3 
P-455-8 34-38 B lb4 
P-455-9 38-42 B 2bl 
P-455-10 42-47 ®2b2 
Yellowi^ brown (10YK5/6) with cocimon 
light brownish gray to light gray 
(2,5X^6,5/2) mottles; dark reddish brown 
(5yi^3/2) stains in root channels; 
friable loam; moderate fine subangular 
blocky structure. 
Strong brown to yellowish brown (8.75YR 
5/6) with few light brownish gray to 
light gray (2.5Y6.5/2) mottles; a few 
reddish brown (5IjFt4/3) coatings on peds; 
dark reGciish brown (5YR3/2) stains in 
old root channels; friable loam; 
moderate fine subangular blocky structure. 
Yellowish brown (10YR5/6); few to comcaon 
reddish brown {5YR/i/3) coatings on peds; 
dark reddish brown (5YR3/2) stains in 
old root channels; friable loam; 
moderate fine subangular blocky structure, 
Yellowidti brown (10YR5/6) with few to 
common reddish brown (5YR4/3) coatings 
on ped; dark recMish brown (5YR3/2) stains 
in old root channels and a few ferro-
manganiferous concretions; friable loam; 
moderate fine subangular blocky structure. 
Strong brown to yellowish brown (8.75yR 
5/6) with very few light brownisb gray 
to li^t gray (2,5Y6,5/2) mottles; 
common reddish brown (5YR5/3) coatings on 
peds and dark reddish brown (5YR3/2) 
stains in old root channels; friable 
loam; moderate very fine subangular 
blocky structure; pebble band present. 
Strong brown (7,5YR5/6) with very few 
dark reddish brown to reddi^ brown 
(2,5Y'R3.5/4) mottles; common reddish 
brown {5yR4/3) coatings on peds and 
numerous dark reddish brown (5YR3/2) 
stains along old root channels; firm to 
very fira clay loam; moderate to strong 
veiy fine subangular blocky structure; 
common ferro-manganiferous concretions. 
49. 
Horizon 
number 
Depth 
inches 
Horizcffi 
designation 
P-455~ll 47-51 B 2b3 
P-455-12 51-55 
'2b4 
P-455-13 55-58 
'2b 5 
P-455-U 58-63 B 2b6 
P-455-15 63-69 B 3bl 
P-455-16 69-74 B 3b2 
Description 
Strong brown (7.5YR5/6) with very very-
few dark reddish brown to reddish brown 
(2.5yH3.5/4) mottles; reddish brown 
(5YR4/3) ccntings on all pedsj firm to 
very firm clay loam; moderate to strong 
very fine subangular blocky structure; 
common ferro-manganiferous concretions. 
Strong brown (7.5YR5/8) with reddish 
brown {5YR/|,/3) coatings on all peds; 
coatings more numerous than above 
horizon; very firm clay loam; strong 
fine subangular blocky structure; 
common ferro-manganiferous caicretions. 
Strong brown (7.5YR5/8) with reddish 
brown (5IR4/3) coatings on all peds; 
very firm clay loam; strong fine sub-
angular blocky structure; common ferro-
manganiferous concretions. 
Strong brown (7.5IR5/8) with a few 
light brownish gray to li^t gray 
{2.5Y6.5/2) mottles; Reddish brown 
(5YR4/3) costings on many of the peds; 
very firm clay loam; strong fine sub-
angular blocky structure; common ferro-
manganiferous concretions. 
Yellowish brown (10YR5/8) wilii a few 
light brownish grgy to li^t gray 
{2,5^^/2) mottles; common reddish 
brown (5YR4/3) stains; fim clay loam; 
moderate fine subangular blocky structure; 
common ferro-manganiferous concretions. 
Yellowish brown (10YR5/8) with many 
strong brown (7.5YH5/8) and few light 
brownish gray to light gray (2.5Y6.5/2) 
mottles; few to common reddish brown 
(5YR4/3) stains; firm loam; moderate 
fine subangular blocky structure to 
massive; many ferro-raangeniferous 
concretions. 
50. 
Horizon 
number 
Depth 
inches 
Horizon 
designation 
P_^ 55_17 6 3b3 
P-.455-I8 84.-92 B 3bA 
Description 
Yellowish brown (10YR5/8) with many-
strong brown {7.^R5/8) mottlesj few to 
common reddish brown (5Yl^^/3) stainsj 
firm loam; massive; very numerous 
ferro-manganiferous concretions. 
Yellowish brown (10YR5/8) with comion 
strong brown (7.5YR5/8) mottles and a 
few reddish brown (5YH/4/3) stains; 
friable to firm loam; massive; many 
ferro-raanganiferous concretions, 
Yellovdsh brown (10yR5/6) with few 
strong brown (7.mottles and 
very few reddish brown (fYH4/3) stains; 
friable sandy clay loam; tuassive common 
ferro-manganiferous concretions. 
P-4-56, Location: On south bank of railroad cut 95 yards west of highway 
3A bridge crossing Burlington R.R. and 25 yards north of highway 34; NE^ 
Sect, 6. T. 71W R7W, Henry County, Iowa. Collected by Robert C. Prill in 
July, 1954-. 
P-A55-19 92-100 
Ibl 
Seventy inches of loess over: 
P-456-1 0-5 A. 
Ibl 
P-^ 56-2 5-10 A. 
•Ib2 
P-456-3 10-16 A, 2bl 
Yellowish brown (10yR5/6) with many 
light brownish gray to light gray 
(2.5y6,5/2) mottles; friable silt 
loam; moderate fine subangular blocky 
structure; dark reddish brown (5yR3/2) 
stains in root channels. 
Yellowish brown (10YR5/6) with many 
light brownish gray to li^t gray 
{2,5y6,5/2) mottles; some dark reddish 
brown (5YR3/2) stains in root channels; 
friable silt loam; moderate fine sub-
angular blocky structure. 
Yellowish brown (10YR5/6) with common 
light brownish gray to light gray 
(2.5Y6,5/2) mottles; scce dark reddish 
brown (5YR3/2) stai'-s in root channels; 
very friable to friable silt loam; weak 
to moderate fine subangular blocky 
structure tending towards medium platy 
structure. 
51 
Horizcxi Depth Horizon 
number inches designation 
P-A56-^  16-20 2^b2 
P-/+56-5 20-23 
'lb 
P-A56-6 23-26 B 
2bl 
P-456-7 26-31 
'2b2 
P-A56-8 31-35 2^b3 
P-^56-9 35-40 B 2hU 
Description 
Yellowish brown (10YR5/6) with many 
light brownish gray to light gray 
(2.5Y6,5/2) mottles with few to common 
reddish brown (5YRA/3) coatings on 
pedsj some dark reddish brown (5YR3/2) 
stains in root channels} very friable 
loanij moderate fine to medium sub-
angular blocV.y structure. 
Yellowish brown (10yR5/6) with coirmon 
li^t brownie gray to li^t gray 
(2.5Y6,5/2) and few reddish brown 
(5YR/v/4) mottles| firm clay loam; 
moderate to strong fine subangular 
blocky structure! a f&w ferro-mangani-
ferous concretions. 
Yellowish red to strong brown (6,25YR 
5/6) with common brown {5IR4A) 
mottles; very firm clay; moderate to 
strong subangular blocky structure; 
a few ferro-manganiferous concretions. 
Dark red (2.5YR3/6) with common yellow­
ish red (^fi4/6) mottles; reddish brown 
(5YR4/3) coatings on peds; very firm 
clay; strong fine subangular blocky 
structure; a few ferro-manganiferious 
concretions. 
Dark red (2,5YR3/6) with many yellowidi 
red (5YA4./6) mottles; dark brown to 
brown i7,5iRA/U) coatings on peds; very 
firm clay; strong fine subangular 
blocky structure; a few ferro-mangani-
ferous concretions. 
Strong brown (7.5YR5/6) with many reddish 
brown (5YR4.A) mottles; very firm clay; 
strong fine subangular blocky structure; 
A few ferro-manganiferous concretions. 
52. 
Horizon Depth Horizon 
nuntber inches designation 
P-456-10 
P-456-11 
P-456-.12 AS-5A 
P-ii56-.13 54-61 
P-i456-U 61-69 
P-456-15 69-80 
B 
2b5 
B 
3bl 
B 3b2 
B 3b3 
'Ibl 
'lb2 
Description 
Strong brown (7.5YR5/6) with common to 
many reddish brown (5YRii/3) mottlesj very 
firm clay loam; strong veiy fine to fine 
subangular blocky structurej a few ferro-
manganiferous concretions. 
Strong brown (7,5YR5/6) with many reddish 
brovm (5YR4/3) coatings on peds; very 
firm clay loam; strong fine subangular 
blocky structure; a few ferro-mangani-
ferous concretions. 
Yellowish frown (10YR5/6) with many 
reddish brown (5yR4/3) coatings on peds; 
not as heavily coated as above horizon; 
firm clay loam; moderate fine subangular 
blocky structure tending towards massive; 
common ferro-manganiferous concretions. 
Yellowish brown {10Ya5/6) with common 
reddish brown (5YR4/3) stains; friable 
to firm heavy loam; massive; heavy 
concentration of ferro-manganiferous 
concretions. 
Yellowish brown (10yR$/6) with a few 
reddish brown (5YR4/3) stains; friable 
loam; massive; few to common ferro-
manganiferous concretions. 
Yellowish browi {10YR5/6) with very few 
reddish brown (5YR4-/3) stains; friable 
loam; massive; a few ferro manganifercus 
concretions. 
P-457. Location: Along roadcut on north side of road 70 yards west and 
100 yards south of N¥ corner of NW^ section 15, R23WT73N, Lucas Co. 
Iowa, in September, 1954-. Collectod by Robert Prill and Arnold Moede. 
65 inches of loess overj 
P-457-1 0-6 I^bl Light brownish gray (2.5Y6/2) with many 
pale brown (10YR6/3) and few dark brown 
to brown (7.5YR4/2) mottles; friable 
light silty clay loam, moderate medium 
subangular blocky structure; a few 
ferro-manganiferous concretions. 
53. 
Horizon Depth Horizon 
number inches designation 
P-^ 57_2 6-10 
F-457-3 10-U 
P-457-4 U-17 
P-A57-5 17-20 
P-ii57-6 20-25 
P-457-7 25-31 
P-457-8 31-38 
l^b2 
2^bl 
'2b2 
B Ibl 
B lb2 
B lb3 
B 2bl 
Description 
Dark brown to brown (10IR4/3) with many 
light brownish gray (2,5X6/2) mottlesj 
friable silt loam; weak to medium fine 
subangular blocky structure; a few 
ferro-manganiferous concretions. 
Yellowish brown (10YR5A) with few li^t 
brownish gray (2.5Yt:/2) mottlesj very 
friable to ft-iable silt lonmj weak to 
moderate medium coarse pLaty structure; 
a few ferro-manganiferous concretions. 
Yellowish brown (10yR5/-4) vdth few to 
common reddish brown (5YRA/3) mottles; 
friable silt loam; weak to moderate 
medium subangular blocky structure 
tending towards weak to moderate 
coarse platy structure. 
Yellowish brown (10YR5/4.) with many 
reddish brown (5YRii/3) mottles; firm 
loam; moderate fine subangular blocky 
structure; a few ferro-manganiferous con­
cretions. 
Strong brown (7.5YR5/6) with many reddieh 
brown (5YR4./3) mottles; firm loam; 
moderate fine to medium subangular blocky 
structure; a few ferro-manganiferous 
concretions. 
Strong brown (7,5YR5/6) with many reddida 
brown (5YR4./3) and common li^t brownish 
gray (2.5Y6/2) mottles; firm clay ln;^i; 
moderate fine to medium subangular 
blocky structiare; a few ferro-manganiferous 
concretions. 
Strong brown (7,5YR5/6) with common to 
many gray to li^t gray (2,5Y6/0) and few 
to common dark reddish brown (2.5YR3/6) 
mottles very thick reddish brown (5YRii/3) 
coatings on peds; firm to extremely firm 
clay; stroig fine subangular blocky struc­
ture; pebble band present. 
54. 
Horizon Depth Horizon 
number inches designation 
P-457-9 38-43 B 
2b2 
P-.457-.lO 43-48 B 2b2 
P-457-11 48-55 ®2b3 
P-.457-I2 55-61 B 3bl 
P-457-13 61-66 B 3b2 
P-457-14 67-72 B 
3b3 
Description 
Strong brown (7.5YR5/6) with common to 
many gray to li^t gray (2,5Y6/0 mottles; 
very thick reddish brown (5YR4/3) coat­
ings on peds; very firm to extreiiBly 
firm clay; strong fine subangular blocky 
structure. 
Strong brown (7.5YR5/6) with common gray 
to light gray (2,5Y6/0) mottles; thick 
reddish brown (5YR4/3) coatings on peds; 
veiy firm heavy clay loam; strong fine 
subangular blocky structure; a few ferro-
manganiferous concretions. 
Strong brown (7.5Y45/6) with cotasrai gray 
to li^t gray (2.5Y6/6) mottles; thick 
reddish brown {5YR4/3) coatings on peds; 
very firm clay loam; strong fine subangular 
blocky structure; a few ferro-mangani-
ferous concretions 
Strong brown (7,5YR5/6) with reddish 
brown (5XH4/3) coatings on peds; coat­
ings not as thick as above horizon; very 
firm clay loamj strong fine subangular 
blocky structure; a few ferro-tnanganifer-
ous concretions. 
Strong brown (7.5YR5/6) with many reddish 
brown (5IR4/3) coatings on peds; very 
firm clay loam; strcmg fine to medium 
subangular blocky structure; common 
ferro-manganiferious concretions. 
Strong brown to yellowish brown (8.75yR5/6) 
with common reddish brown (5YR4/3) coatings 
on peds; firm to very firm clay loam; 
moderate fine to medium subangular bli clcy 
structure; very concentrated ferro-
manganiferous concretions. 
55. 
Horizon Depth Horizcm 
number inches designation 
P-457~15 72-80 
Description 
'Ibl Yellowish brown (10YR5/6) with few to 
common light brownish gray (2,5Y6/2) 
mot ties J common reddish brown (5YR4./3) 
coatings on pedsj firm to veiy firm 
clay loamj moderate fine to medium sub-
angular blocky structure; common fsrro-
manganiferous concretions, 
P-4.58, Location: 100 yards south and /!^0 yards east of NW corner of NW 
corner of Sect, 34', T-73K, R-23W, Lucas, County, Iowa, 
Collected by Robert Prill and Arnold Moede in September, 1954.. 
P-458-1 0-2 
P-458-2 2-4 
P-458-3 -4-6 
P-458-4 6-8 
P-458-5 8-12 
P-458-6 12-16 
P-458-7 16-20 
A, 
B 11 
B 12 
B 21 
B 22 
6 31 
Grayi^ brown (10YR5/2) very friable 
loam; weak fine subangular blocky 
structure. 
Gray (10YR5/1) with common brown 
(10yR5/3) mottles; very friable loam; 
weak fine subangular blocky structure. 
Brown (7,5YR5/4) with many yellowisb 
brown (10YR5/6) and few to common 
gray (10YR5/1) mottles; yellowish brown 
(10YR5/6) vAqi cruebed; friable heavy 
loam; moderate fine subangular blocky 
structure. 
Yellowish brown (10yR5/6) with fairly 
thick brown (7,5YR5/4) coatings on peds; 
friable to firm clay loam; moderate fine 
subangular blocky structure. 
Yellowish brown (10yR5/6) with thick 
brown (7,5yR5/4) coatings on peds; firm 
clsy loam; moderate medium subangular 
blocky structure. 
Yellowish brown (10YR5/6) with thick 
brown (7,5YR5/4) coatings on peds; firm 
clay loam; moderate medium subangular 
blocky structure. 
Yellowish brown (10YR5/6) with broim 
(7,5YR5/4) coatings on peds; hard to very 
hard clay loam; moderate medium subangular 
blocky structure. 
56. 
Horizon Depth Horizon 
number inches desijgnation 
P-A5S-8 20-2^  B 32 
P-458-9 24-28 B 
33 
P-453-1C 28-33 
'11 
P-458-11 33-39 
'12 
P-A58-12 39-50 
'2ca 
Description 
Yellowish brown (10YR5/6) with brown 
(7.5yR5/4) coatings on peds; hard to 
very hard clay loam; strong medium sub-
angular blocky structure, A few ferro-
manganiferous concretions. 
Yellowish brown (lOyR5/6) with many 
brown (7,5YR5A) coatings on peds; 
very hard clay loam; moderate medium 
subangular blocky structure; a few 
ferro-Banganiferois concretions, 
ieliowish brown (10YR5/6) with coranon 
brown (7,5YR5A) coatings on peds; 
dark brown to brown (7.5YR4/2) stains 
along root channels; very hard clay 
loam; massive; a few ferro-manganiferous 
concretions. 
Yellowish brown {10YR5/6) with coKEon 
brown {7,5YR5A) coatings on peds; a few 
li^t gray (2.5Y7/2) mottles; very hard 
clay loam; a few ferro-manganiferous 
concretions. 
Yellowish brown (10yR5/6) with a few 
brown (7,5YR5A) coatings on peds; hard 
clay loam; structureless; a few ferro-
manganiferous concretions. 
P-4-59. Location: ^0 yards east and 130 yards north of SW corner of SE^ 
section 23, T-72N, R-23!^, Jackson Twp,, Lucas County, Iowa, Collected 
by Robert Prill, November, 1954.. 
P-459-1 0-6 
P-459-2 6-10 A, 
Very dark grayish brown (10YR3/2); very 
friable heavy sandy loam; moderate fine 
granular structure tending towards platy 
structure. 
Very dark gray to dark gray (10yR?.5/l) 
with many dark grayish brown tr brown 
(10YR4./2,5) mottles; dark grayi; " ' rown 
(10yR4/2) when crushed; very friable 
heavy sandy loam; moderate fine granular 
structure. 
57 
Horizon 
number 
Depth 
inches 
P-i^59-3 10-15 
15-19 
p-^59-$ 19-24 
P-459-6 24-29 
P-ii59-7 29-39 
P-^59-8 39-47 
P-459-9 4.7-60 
Horizon 
designation 
B, 
'21 
'22 
23 
Description 
Yellowish brown (10YR5/6) with brown 
to yellowish brown (8«75YR5A) coatings 
on peds; firm to friable loam; moderate 
medium to fine subangular blocky 
structure. 
Yellowish brown (10yR$/6) with brovm to 
yellowish brown (3.75YR5A) coatings on 
peds; firm clay loam; moderate medium 
subangular blocky structure. 
Yellowish brown (10YR5/6) with brown to 
yellowidbi brown (8.75YR5/4.) coatings on 
peds; firm clay loam; moderate medium 
subangular blocky structure. 
Yellowish brown (10YR5/6) with brown to 
yellowish brown (8,75YR5A) coatings 
on peds; firm clay loam; moderate medium 
subangular blocky structure. 
Strong brown (7,5YR5/8) with many gray­
ish brown (2.5Y5/2) mottles; firm to 
very firm clay loam; massive; a few ferro-
manganiferous concretions. 
Grayish brown (2,5Y5/2) with many strong 
brown (7.5YR5/8) mottles; firm to very 
firm clay loam; massive; few to common 
ferro-manganiferous concretions. 
Grayish brown (2,5Y5/2) with many strong 
brown to yellowish brown (8,5YR5/8) and 
few li^t yellowish brown (2,5Y6/4,) 
mottles; firm to very firm clay loam; 
massive; ferro-manganiferous concretions 
common, 
P-531. Locationt 4-5 yards north and 20 yards west of SE corner of Si^ 
section 23, T-72N, R-23W, Jackson Twp,, Lucas County, Iowa, Collected by 
Robert Prill, November, 1954-. 
'2ca 
P-531-1 0-5 Very dark gray to dark gray (10YR3.5/1); 
very dark grayi^ brown to dark grayish 
brown (10YR3.5/2) when crushed; very 
friable loam; moderate (Tiedium granular 
structure tending towards weak medium 
platy structure. Many pebbles present 
on surface. 
58. 
Horizon 
number 
Depth 
inches 
P-531-2 5-8 
P-531-3 8-12 
P-531-4 12-17 
P-531-5 17-22 
P-531-6 22-28 
P-531-7 28-36 
P-531-8 36-44 
P-531-9 AU'52 
Horizon 
desifmation 
h 
'21 
'22 
B 23 
'31 
B 32 
Gl 
Description 
Very dark gray (IOI'13/I) with many dark 
grayish brown to brown (l0yR4./2.5) 
mottles; friable loam; weak fine to 
medium subangular blocky structure 
breaking to moderate medium granular 
structure. 
Strong brown (7.5YR5/6) with brown to 
yellowish brown (8,75yR5A) coatings on 
pedsj friable to fir?!! light clay loam; 
moderate fine subangular blocky structure. 
Strong brown (7.5YR5/6) with reddish 
brown (5YR5/4) coatings on peds; firm to 
very firm heavy clay loam; strong fine 
subangular blocky structure. 
Strong brown (7,5YR5/6) with very few 
red (2.5IR3/6) mottles; yellowish red 
(5YR5/6) coatings on peds; firm to very 
firm heavy clay loam; moderate to 
strong fine subangular blocky structure. 
Strong brown (7,5IR5.6) with few red 
(2,5YR3/6) mottles; brown (7,5yR5A) 
coatings on peds; firm to very fim 
heavy clay loam; moderate medium aib-
angular blocky structure. 
Strong brown (7.5YR5/6) with many grayi^ 
brown (2,5Y5/2) and very few red (2,5YR 
i4/6) mottles; many reddish brown 
stains on peds; veiry firm clay loam; 
massive. 
Strong brown (7,5YR5/6) with many li^t 
brownish gray (2,516/2) mottles; few to 
common reddidi brown (5.YR4/3) stains on 
peds; very firm clay loam; massive; a 
few ferro-manganiferous concretions. 
Strong brown (7,51X5/6) with many light 
brownish gray (2,516/2) mottles; a few 
reddish brown (5YR4/3) stains on peds; 
firm to very firm clay loam; massive; 
common ferro-manganiferous concretions. 
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Horizon Depth Horizon 
number inches designation Description 
P-532. Locations 130 yards west and 130 yards north of SE corner of 
section 23, T-72-N, H-23W, Jackson Twp., Lucas County, Collected 
by Robert Prill, November, 195i4. 
P-532-1 0-4 A, Very dark grayish brown to dark grayish 
brovm (10Ya3.5/2); friable loam; weak 
medium platy structure breaking to 
fine granular structure. 
P-532-2 4.-8 Strong brovm (7.5YR5/6) with light coat­
ing of reddish brown to brown (6,25YR5A) 
on peds; friable to firni clay loam; 
moderate fine subanguls,r blocky structiire, 
P-532-3 S-12 Brown (7.5yR5A) with many reddish brown 
{5YR4A) and common red (2.5TR4/6) 
mottles; plastic heavy clay loam; moderate 
very fine subangular bloclcy structure; 
pebble band present, 
P-532-/4 12-16 B21 Brown (7.5YR5A) with many rer'dish brown 
(5YR4A) and many red (2,5yH4./6) mottles; 
some pale broim (10YR6/3) coatings on 
peds; very plastic clay; moderate to 
strong fine subangular blocky structure; 
pebble band present, 
P-532-5 16-21 Bpo Brown (7.5YR5A) with many strong brown 
(7.5rR5/6), few reddish brown (5YR4A), 
few li^t brownish gray (2,516/2) and 
very few red (2,5YR3/6) mottles; plastic 
clay; massive; a few ferro-manganiferous 
concretions present. 
P-532-6 21-27 B23 Strong brown (7.5YR5/6); with few light 
brownie gray (2,5Y6/2) mottles; brown 
(7,5YR5A) coatings on peds and a few 
reddish brown (5YR5A) stains; plastic 
clay; massive; a few ferro-manganiferous 
concretions present. 
P-532-7 27-34. B^j^ Strong brown (7.5YR5/6) with many light 
brownish gray (2,5Y6/2) mottles; very 
firm heavy clay loam; massive; a few 
ferro-manganiferous concretions. 
60. 
Horizon 
nuttber 
Depth 
inches 
Horizcxi 
designation 
P-532-8 34-42 
P-532~9 42-50 
Description 
B^2 Strong brown to yellowish brown (8.75YR 
5/8) with common grayish brown (2,5Y5/2) 
mottles; very firm clay loam; massive; 
common ferro-mangfinifercus concretions, 
Cj Strong brown (7.5IR5A?) with many grayish 
brown (2,5Y5/2) mottles and a few reddish 
brown (5YR5/4) stains; very firm clay 
loam; massive abundant ferro-manganiferous 
concretions, 
P-486, 190 yards south and 25 yards east of f]W comer of NEf, 
section 25, T-78K, R22W, Camp Twp., Polk County, Iowa. Site is on 
slightly convex slope of 12 percent gradient to north. Vegetation is 
native forest of oak hickory, etc. Collected by Ralph McCracken and 
Robert Prill, August, 1953, 
P-486-1 0-5 
P-486-2 5-9 
P-486-3 9"13 
P-486-4 13-17 B 21 
P-486-5 17-23 B 22 
Dark grayish brown (10YR4/2) with a few 
discontinuous light brownish gray 
(10yR6/2) coatings on peds; very friable 
silt loam; moderate fine. 
Grayish brown (10YR5/2) vdth common thin 
light brownish gray (10YR6/2) coatings 
on peds; very friable silt loam; very 
weok medium platy structure breaking 
readily to weak fine to medium granular 
structure. 
Light yellowish brown (10YR5/4) with 
common thin light gray (10YR7/2) coatings 
on peds; firm loam; weak fine to medium 
subangular blocky structure. 
Light yellowish brown (10YR6/4) with 
common brown {7,5YR5/4) coatings and 
seams; firm loam; moderate fine to 
medium subangular blocky structure. 
Yellowish brown (7,5YR5/6) with few 
mottles of brownish yellow (lQyR6/6) 
firm to very firtc sandy clay loam; 
moderate medium subangular blocky 
structure. 
61. 
Horizon Depth Horizon 
nuaiber inches designati on 
P-A86-6 23-29 
P-^86-7 29-39 
P-ii86-8 39-50 
'23 
Description 
Yellowish brown (lOYRSA) with common 
brown (7.5YR5A) coatings on pads and 
common course brownish yellow (10yR6/6) 
mottlesj very firm clay loamj moderate 
coarse subangular blocky structure. 
Yellowish brown (10yu5/6) with common 
coatings of brown (7.5YIUA), comon 
fine iron stainsj firm sandy clay 
loamj massive. 
Yellowish brown (10YR5/6) with a few 
fine to medium iron stainsj firm sandy 
clay loamj massive. 
LABORATORY IMVESTIGATIONS 
Laboratory Methods 
Particle size analyses 
Duplicate determinations were made on 10 gram air-dry samples which 
were first oven dried at 110° C. to determine the moisturw content. The 
organic inatter was destroyed by treatiaent with hydrogen peroxide. The 
samples were then placed on an end over end shaker for 24- hours with 
sodium hexametaphosphate as the dispersing agent (36). The less than 20 
micron and 2 micron fractions were determined vdth a 25 milliliter pipette 
at a 10 centimeter depth at the proper time intervals (33). The greater 
than 50 micron fraction was determined by sedimentation and decantation. 
No corrections were made for the organic matter content of the soil so 
that most of the organic matter would be ^own in the 20-50 micron fraction. 
Exchangeable cations 
The exchangeable hydrogen was determined by the barium acetate method 
as outlined by Black (2). Duplicate 10 gram samples were placed in a shaker 
for 20 minutes with 50 milliliters of neutral normal barium acetate 
solution before leaching in a Buchner funnel. The hydrog<3n in the leachate 
63« 
was neutralized to a phenophthalien end point with standard 0.IN sodium 
hydroxide. 
Exchangeable calcium and magnesium were extracted and prepared for 
determination as outlined by Peech (16). The duplicate samples were 
placed in flasks with 50 milliliters of neutral normal ammonium acetate 
and shaken for 20 minutes before leaching, Cr~lciura and mgnesium were 
determined by the method outlined by Black (2). The calcium was determined 
volumetrically by a permanganate titration of "Uie oxalate. The magnesium 
was precipitated as the ammonium phosphate and determined volumetrically 
with standard acid and base. 
Exchangeable K was determined by the lithium internal standard 
technique as outlined by Black (2), Duplicate samples were placed in 
flasks with 50 milliliters of neutral normal ammonium acetate and shaken 
for 20 minutes before leaching. The exchangeable potassium was determined 
with the Peikins Elmer model Number 52C flame photometer. 
Free iron 
Free iron oxides were determined on a 1 gram sample as outlined by 
Swenson (32), The method consists of the reduction of iron to the ferrous 
form in an oxalic acid-potassium oxalate buffered solution with magnesium 
ribbon. The method was altered to the extent that the final period of 
heat was at 87° Centrigrade instead of the 900-95® C, temperature which was 
unattainable in the water bath. The iron was determined by the colorimetric 
orthophenanthroline method using an Evelyn colorimeter. 
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Measurement of oH 
The pH measurements were trade with a Leeds and Morthrup instrument. 
The measurements were made on a 1:1 soil-water ratio (25 grams to 25 
Kdlliliters). The water was added to the soil and allowed to sit for 
30 minutes with frequent stirring before taking a reading. 
Potassium released from non-exchangeable forms 
The potassium released from non-exchangsable forms was dsterminsd on 
a 2 gm. sample as outlined by Pratt (17). Ti/enty-five ml. of l.ON HWO^ 
ware added to the sample and the sample was allowed to stand for 15 minutes, 
and then boiled slowly for 10 minutes. The sample was then cooled, 
filtered, and washed with 25 ml. of O.IN HNO^, Fifty ml, of a neutral 
solution of 2,0 N NH^ilc were added to the filtrate and the excess acid 
was neutralized by titrating with ccaicentrated NH^OH to the bromthymol 
blue end point. 
The solution was placed on a steam plate for cne hour cooled and 
filtered into a 100 ml volumetric flask. Determinations were made with 
flame photometer as in the determinaticn of exchangeable K, 
Lviboratory Studies 
Particle size analysis 
Particle size analyses were made for the ten profiles collected in 
this study. In Table 2 are givai the general distribution of the different 
size fractions of the profiles studied. The sand, coarse silt, fine silt, 
and clay are expressed as per cent of the less than two millimeter 
fraction. The greater than two millimeter fraction is expressed as per 
cent of the air diy weight of the whole soil. The data presented in 
Table 2 will be discussed in the following sections from the standpoint of 
particle size distribution of the peirent material and particle size distri­
bution in the different profiles studied. 
Particle size distribution of the horizons. In the profiles 
studies the percent of the clay fraction of the horizons varies apprecia­
bly from profile to profile. The upper horizons are the leached but 
oxidized till. In Table 3 is given the clay content of the lowest horizcc 
sampled of these profiles except for profiles P-4.58 and P-4.59. For profiles 
¥-^58 and P-A.59 the next to the lowest horizon was selected as the lowest 
horizon was calcareous. A marked drop of A to 5 percent of less than 2 
micron clay was observed v^en the calcareous horizon was reached. McCaleb 
and Cline (13) report in a study of certain Brown-Forest and Gray-Brown 
Podzolic soils a similar sharp decrease in clay content at the point below 
which Carbonates occur. The clay content of the G-j^ horizons varied from 
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Table 2, Mechanical analyses 
Percent less than 2 m 
Horizon Depth >2 im Sand ; Silt ; Clay 
number inches percent >50m t 50-20/x • 20-2/U. j <2/u 
percent; percent t ijercent : percent 
liindley variant D, profile P-4.53 
1 0-1.5 0.9 38.1 23.9 21.8 16.2 
2 1.5-5 2.0 39.3 24.5 21.2 15.0 
3 5-8 1.4 43.1 21.6 20.5 14.8 
4 8-11 1.0 36.8 22.8 20.9 19.5 
5 11-15 1.3 33.8 21.9 20.9 23.4 
6 15-21 2.1 31.3 22.5 21.9 24.3 
7 21-27 41.8 16.9 14.8 26.5 
8 27-33 0.7 59.5 13.9 7.2 19.4 
9 33-40 - 42.4 20.6 34.7 22.3 
Lindley variant B, profile P-4.54-
1 0-1.5 0.2 49.3 23.2 16.7 10.8 
2 1.5-4 0.4 51.2 21.4 16.9 10.5 
3 4-7 0.8 49.4 22.0 17.9 10.7 
4 7-10 2.5 46.5 21.9 16.3 15.3 
5 10-13 14.7 42.9 18.0 15.1 24.0 
6 13-19 7.8 35.7 13.4 14.1 36.8 
7 19t23 3.0 33.7 10,6 11.3 44.4^  
8 23-28 2.9 30.3 13.9 13.8 42.0 
9 28-33 1.6 32.7 15.1 15.8 36.4 
10 33-40 1.6 31.4 16.3 16.3 36.0 
11 40-50 1.8 50.3 15.7 9.4 24.6 
Buried Soil profile P-4.55 
1 0-5 — 16.3 21.1 40.6 22.0 
2 5-11 - 28.9 19.8 33.1 18.2 
3 11-17 - 35.9 19.2 29.4 15.5 
4 17-22 0.4 40.8 20.9 24.7 13.6 
5 22-27 0.7 39.0 20.6 23.1 17.3 
6 27-30 0.7 39.6 17.8 23.0 19.6 
7 30-34 0.8 41.0 17.3 20.7 21.0 
8 34-38 4.0 41.4 15.4 19.6 23.6 
9 38-42 9.8 41.4 15.9 17.8 24.9 
10 42-47 12.5 41.2 Lt.5 16.3 23.0 
11 47-51 5.9 38.3 11.3 Li.6 35.8 
12 51-55 4.5 39.1 11.2 13.9 35.8 
18 
19 
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Table 2. (continued) 
Percent less tl-ian 2 mm 
Depth >2 imn Sand x Silt ; Clay 
inches percent >50m i 50-20ya : 20-2/^ : 
percent ; percent t percent t percent 
Buried Soil, profile P-4.55 (continued) 
55-58 2.8 38.3 11.1 13.8 36.8 
58-63 1.4 37.7 12.6 13.9 35.8 
63-69 2.3 45.7 12.4 14.1 27.8 
69-74 1.4 45.8 14.6 13.5 26.1 
74-84 1.7 46.3 15.5 13.7 25.4 
84-92 1.5 47.0 14.6 13.9 24.5 
92-100 1.6 50.1 14.0 13.5 ?2.4 
Buried Soil, profile F-456 
0-5 •• 18.0 19.0 41.9 21.1 
5-10 28.4 18.4 35.6 17.6 
10-16 0.3 33.5 17.4 32.3 16.8 
16-20 0.2 31.1 16.9 28.5 23.5 
20.23 0.9 27.2 12.7 23.1 37.0 
23-26 15.0 24.9 11.6 15.5 48.0 
26-31 2.5 19.1 6.9 8.8 65.2 
31-35 2.1 22.6 6.8 10.1 60.5 
35-40 1.2 33.6 10.7 10.9 44.8 
40-43 2.1 38.6 12.6 10.8 38.0 
43t48 1.2 42.3 12.9 12.9 31.9 
48-54 1.4 45.7 12.8 13.4 28.1 
54-61 1.7 45.5 13.4 U.3 26.8 
61-69 1.6 48.6 14.1 14.1 23.2 
69-80 1.5 48.4 14*5 15.2 21.9 
Buried Soil, profile P-457 
0-6 10.4 22.9 39.0 27.7 
6-10 — 29.6 22.8 30.9 16.7 
10-14 — 34.5 23.3 28.3 13.9 
U-17 33.7 23.3 25.7 17.3 
17-20 0.2 33.3 21.4 24.0 21.3 
20-25 0.3 35.0 17.2 23.8 24.0 
25-31 0.3 33.5 16.8 21.7 28.0 
31-38 5.7 28.2 9.8 14.3 47.7 
38-43 1.2 29.6 9.6 46.2 
43—48 1.1 34.4 11.0 15.6 39.0 
48-55 1.7 37.7 14.0 16.9 31.4 
55-61 1.5 39.9 U.7 17.2 28.2 
15 
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Table 2. (continued) 
Percent les:: tiban 2 mm 
Depth >2 mm Sand ; Silt ; Clav 
inches percent >50/>l : 50-20/U. : 20-2/jl : -^ 2/^  
percent s percent t percent ; percent 
Buried Soil, profile P-4.57 (continued) 
61-66 2.0 38.2 13.7 18.-4 29.7 
66-72 1.9 39.i4 13.7 18.6 28.3 
72-80 0.9 39.6 U.2 19.0 27.2 
Lindley variant D, profile P-A58 
0-2 4.2 49.2 20.5 16.2 14.1 
2-k 2.6 46.6 18.8 17.0 17.6 
4-6 3.8 40.2 15.7 17.4 26.7 
6-8 1.4 36.0 15.1 16.3 32.6 
8-12 0.7 35.3 13.3 15.5 35.9 
12-16 1.2 32.9 12.9 16.7 37.5 
16-20 1.8 33.0 12.1 17.2 37.7 
20-24 1.4 33.8 12.2 17.0 37.0 
24-28 2.4 33.9 13.0 18.2 34.9 
28-33 3.2 34.6 13.2 18.4 33.8 
33-39 4.7 35.9 14.9 16.9 32.3 
39-50 3.5 36.4 16.0 19.1 28.5 
Lindley variant D, profile P-^86 
0-5 0.3 27.6 31.9 23.9 16.6 
5-9 0.3 29.2 31.3 23.6 15.9 
9-13 0.5 33.8 27.6 21.6 17.0 
13-17 2.8 34.3 24.3 19.3 22.1 
17-23 3.7 48.1 17.2 15.1 29.6 
23-29 2.0 43.1 12.0 11.7 33.2 
29-39 2.5 46.0 12.2 11.7 30.1 
39-50 4.7 48,4 12.5 13.9 25.2 
Lindley variant C, profile P-531 
0-5 7.8 48.8 20.3 17.1 13.8 
5-8 10.2 45.5 19.7 16,4 18.4 
8-12 3.9 38.6 17.3 17.0 27.1 
12-17 1.1 33.1 15.8 16.5 34.5 
17-22 0.5 37.7 13.2 13.4 35.7 
22-28 0.5 32.2 20.6 11.0 36.2 
28-36 8.9 33.7 18.8 18.0 29.5 
36—44 0.9 36.5 13.4 17.2 32.9 
44-52 2.4 35.6 13.7 17.9 32.8 
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Table 2. (continued) 
Porcent less than 2 min 
Horizon Depth >2 mm Sand : Silt i Clay 
number inches percent >50ju s 50-20^ s 20-2^  } 
percent t percent s percent : percent 
Lindley variant B, profile P-532 
1 0.3 28.5 24.8 22.3 24.4 
2 A-8 0.4 28.9 18.2 21.7 31.2 
3 8-12 21.4 31.5 13.8 17.0 37.7 
A 12-16 28.2 27.6 10.5 13.4 48.5 
5 16-21 4.3 27.1 8.3 13.9 50.7 
6 21-27 1,/. 28.2 10.1 15.7 46.0 
7 27-34 1.:" 32.5 11.2 16.6 39.7 
8 3A-A2 1.8 31.9 11.8 17.8 38.5 
9 42-50 1.7 33.3 12.5 18.2 36.0 
Lindley variant D, profile P-459 
1 0-6 2.5 52.6 18.3 15.3 13.8 
2 6-10 1.1 52.4 16.8 16.4 14.4 
3 10-15 2.7 45.8 16.5 17.5 20.2 
4 15-19 0.8 34.8 15.9 20.5 28.8 
5 19-24 1.2 33.2 U.8 19.2 32.8 
6 24-29 1.3 32.8 14.0 16.7 36.5 
7 29-39 0.8 31.5 12.8 18.0 37.7 
8 39-47 1.2 34.7 13.2 16.5 35.6 
2 A7-.57 1^2 35.7 13.9 IS.8 31.6 
Table 3. Less than 2 micron clay content of the for ten profiles 
developed on Kanean till 
Horizon Horizon Horizon County Less than 2 
Profile number depth nomenclature sampled micrwi clay 
P-453 9 33-40 Cl Henry 22.3 
P-454 11 40-50 Gl Jefferson 24.6 
P-455 19 92-100 Clbl Henry 22.4 
P-456 15 69-80 ^lb2 Henry 21.9 
P-457 15 72-80 Clbl Lucas 27.2 
P-458 11 33-39 ^12 Lucas 32.3 
P-459 8 39-47 h Lucas 35.6 
P-531 9 44-52 Ol Lucas 32.8 
P-532 9 42-50 Cl Lucas 36.0 
P-486 8 39-50 Cl Polk 25.2 
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22,3 to 36 percent in these profiles. In the profiles collected in Lucas 
county the G-j^ horizons ranged in clay content from 27.2 to 36 percent. In 
the other five profiles the range in clay content of the horizon was 
from 22.3 to 25.2 percent. 
Particle size distribution in the buried profiles. The greater than 
2 millimeter fractions for the three buried profiles are plotted wi-th 
depth in Figure 13 and the clay contents for these soils are plotted with 
depth in Figure In these figures the zero point on the vertical 
axis represents the contact between the loess and the peci-sedimeot. 
At the time of sampling a concentrated zme of pebbles was observed 
in the buried profiles P-4.55, P~ii56, and P-4.57. These zones were 
designated as pebble bands* in the description of the profiles. The values 
obtained for tiie greater than two millimeter fraction for these profiles 
repoi'ted in Table 2 provide added evidence of this pebble band. The 
maximum pebble concentration occurred at inches in profile P-A55 
with the value for the greater than two millimeter fraction of this 
horizon being 12.5 percent. The pebble band occurred at 23-26 inches in 
profile P-4.56 and 15.0 percent of particles greater than 2 millimeters 
in size. In profile P-^57 the pebble band occurred at 31-38 Inches and 
had 5.7 percent of particles greater than 2 millimeters in size. 
From the data in Table 2 it is evident that the pebble bands in 
profile P-4.55 and P-A56 occur immediately above the horizcm of maximum 
•The pebble band as referred to in this study consists of numerous 
small rocks and pebbles along with varying amounts of sand, silt and oXss* 
Fig. 13. Distribution of the greater than 2 millimeter 
fraction with depth for three buried profiles. 
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Fig, L4. Distribution of the less than 2 micron clay 
with depth for three buried profiles. 
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clay accumulation and in profile P-4.57 in the horizon of maxiaaia claj'-
accumulation. 
From Figure 13 it can be seen that for profiles P-455, P-4-56, and 
P-457, the percent of greater than two millimeter fraction is lower in 
the pedi-sediment than in the underlying till. Although the difference 
is small, it is consistent. In most instances the amount is less the 
0,3 percent in the padi-sediment, but, in the till this fraction is 
generally 1.5 percent or greater. 
From data in Table 2 it is evident that the content of the coarse 
and fine silt fractions are greater in the pedi-sediment than in the 
underlying till. Coarse silt is the 20-50 micron fraction and fine silt 
is the 2 to 20 micron fraction. In the upper part of the pedi-sediaent 
the fiiK silt content is 35.6 percent. Just above the pebble band the 
content of fine silt is about 20 percent. In profile P-4,56, at a dep-Wa 
of 20-23 inches the fine silt content is 23,1 percent. 
The thickness of the pedi-sediment above the pebble band is 23 
inches in profile P-4.56, 31 inches in profile ¥-U5'7f arei 3S inches in 
profile P-i455, In these profiles the clay content decreases at first 
reaching a low of 13.6 percent at 17-22 inches in profile P-455, 16.8 
percent at 19-16 inches profile P-4.56, and 13.9 percent at 10-14 inches 
in profile P-457. The clay content then gradually increases to a point 
where the pebble band is reached at which point a marked increase is 
observed, 
In these three buried profiles, P-455, P-4.56, P-457 there is a 
relationship of thickness of pedi-sediment to the maximum clay content in 
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the profile. Profile P-A56 has a maximum clay content of 36,8 percent 
with the pedi-sedimmt around 38 inches in thickness. This relationship 
is shown graphically in Figure 15, 
The thickness of the maximum clay accumulation horizon in these three 
profiles is between 12-15 inches. 
Particle size distribution of Lindley soils. The distribution of less 
than 2 micron clay with depth for profiles P-532 and is shown 
graphically in Figure 16, 
In profile P-532, the maximum clay content of 50,7 percait occurred 
at a depth of 16-21 inches, and a maximum clay content of percaot 
occurred in profile P-45A at a depth of 19-23 inches. The thickness of 
the zone of maximum clay accumulation was abcut 12-15 inches as was the 
case in the three buried soils. 
As Indicated by the data on the percent greater than 2 millimeter 
fraction in Table 2, the pebble band in profiles P-532 and P-A5^ occurred 
just above the horizon of maximum clay accumulation. The low values of 
the less than 2 millimeter fraction plotted in Figure 15 and ttie higher 
silt fraction of the material above the pebble band compared to that 
below is evidence that ~he material above the pebble band is a pedl-
sediment comparable to that found in the three buried profiles, P-455, 
P-456, 
The percent of clay with depth is plotted for profiles P-453, P-458, 
P-459, P-486, and P-531 in Figures 17 and 18, These five profiles do not 
exhibit a great degree of horizon differentation as indicated by the ratio 
of the clay content In l^ e horizm of maximum clay accumulation to Ihe C]^  
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Fig, 15. Relationship of thickness of pedi-sediment and maximum 
content of clay in zone of accumulation. 
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Fig, 16, DistributioQ of the less than 2 tnicron clay with depth for 
two Lindley profiles with ferretto zones. 
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for three Lindley profiles. 
81. 
horizon. This ratio for each profile is given in Table U* 
Profiles P-453, P-/+59, and P-531, have ratios of 1,1, profile P-4,58, 
a ratio of 1,2, and profile P-486 has the highest ratio of 1.3. 
The profiles that have the highest clay content are not always the 
profiles that are most strongly developed. The two profiles that have the 
highest clay content were profile P-4.58 with a maximum clay content of 
?7.7 percent and profile P-4.59 which also had a maximum clay content of 
37,7 percent. These two profiles were calcareous within 50 inches, pro­
file P-4.58 being calcareous at approximately 40 inches and profile P-4-59 
being calcareous at approximately 50 inches. In these five profiles. 
Table 4, Ratio of clay content of the horizon of maximum clay accumulation 
to the Ci for the ten profiles studied 
B C 
Less than 2 micron Less than 2 B/C 
Profile clay in horizon of micron clay clay 
maximum clay of C, ratio 
accumulation 
J, 
P-453 24,3 22,3 1,1 
P-454 44,4 24,6 1,8 
P-455 36,8 22,4 1,6 
P-456 65,2 21,9 3,0 
P-457 47.7 27,2 1,7 
P-458 37.7 32,3 1.2 
P-459 37,7 35,6 1.1 
P-486 33,2 25,2 1,3 
P-531 36,2 32,8 1.1 
P-5?2 ?0,7 36,0 1,4 
namely, P-4.53, P-458, P-4,59, P-486, and P-531, the distribution of clay 
with depth seems to be comparable to the three Gray-Brown Podozolic 
profiles developed from Mankato, Gary and lowan till studied by Green (8), 
Excluding the Cq^ horizon, as a sharp drop in clay content was observed 
when this horizon was reached, and taking the horizon immediately above, 
the ratio of maximum clay accumulation to the horizon is 1,1 for tiie 
Hayden profile developed on Mankato till, 1.2 for the Hayden profile 
developed in Gary till and 1,1 for the Gray-Brown Podzolic profile 
developed from lowan till. 
Particle size distribution of three Lindley soils collected from 
Tract II. Profiles P-A59, P-531, and P-532 were sampled in the area 
map;:ed in Tract II and represent Lindley variants G, B, and A respectively* 
The distribution of clay with depth in these profiles is ^own graphically 
in Figure 18. The zone of maximum clay accumulation in profile P-532 
was much higher in clay content than in profiles P-531 and ^-^59* Profiles 
P-531 and P-i4.59 were somewhat comparable in clay content. The maximum 
clay content in profile P-532 was 50,7 percent compared to 36.2 percent 
in profile P-531 and 37,7 percent in profile 
In profile P-532 "Uiere was a pebble band in the 8-16 inches depth, 
and in profile P-531 a pebble band occurred in the 0-8 inch depth. The 
pebble band is indicated by the percent greater than 2 millimeter fraction 
as illustrated in Table 2, 
Relationship of texture and color. Six of the tan profiles collected 
have a ferretto zone according to the definition given on page 28, In 
these profiles, P-4.54., P-455, P-A56, P-A57, P-531, and P-532, iiie horizons 
in v^ich the matrix or mottles have the redder hue are the horizons of 
maximum clay accumulation. 
83. 
In Table 5 the clay content of the horizon, of maxinuts clay content 
are given. The color of that horizon for the six profiles with ferretto 
zones is also included. In these horizons the greater 1iie extent of the 
dark red (2.5YR.3/6) or red (2,5IR4-/6) color the greater the content of 
clay. 
In sample seven of profile P-4.56, which has a maximum clay content of 
65.2 percfflit, the dark red colors form the laatrix. Sample 11 of profile 
^"-455, sample 8 of profile P~/i57, sample U of profile P-532 were some­
what comparable in clay content. In these horizons the dark red or red 
colors were present as mot les which were few to common or cotataon. In 
sample five of profile P-531 ^ ich had a clay content of 35,7 percent 
these reddish colors were present as mottles vjhich were very few. In 
sam:ple 11 of profile P-4^55 which had a clay content of 35,8 percent these 
colors were present as mottles which are very, very few. The matrix 
colors of many of these ferretto zones have a hue of 7.5 XR with peds that 
have coatings of a hue of 5YR, 
In these ferretto horizons the thickness of the coating on the peds 
seems to be associated with the clay content wilii the horizons with the 
thicker coatings having the higher clay contents. This is illustrated by 
sample number 8 in profile P-A57 which had very thick coatings on the 
peds of 5YR A/3 color and sample number 5 of profile P--531 vAich had thin 
5 YR 5/6 coatings on the peds. 
BA. 
Table 5. Percent <2/i. clay and color of the horizon of maximum clay 
accumulation for six profiles with ferretto zones. 
•<2/x clay 
Profile percent Color 
P-A55-11 35.8 7,5YR5/6 with very, very few 2.5IK 
3/6 mottles; thin 5^ B4/3 coatings 
on peds* 
p-456-7 65.2 2.5YH3/6 with common 5YPu4/6 mottles; 
5 YRA/2 coatings on peds. 
P-^ 57-8 -47.7 7.5YH5/6 with common 2.5Y6/0 and few 
to common 2,5YR3/6 mottles; thick 
5YiliC/3 CM.tings on peds. 
P-454.-7 44.4 5YR4/4 with many 7.5YR5/6 and commcn 
2.5YR4/6 mottles. 
P-532-4 48.5 7.5 YR5/4 with many 5Yfi4/4 and common 
2,5yfi4/6 mottles} some 10YR6/3 coat­
ings on peds. 
P-531-5 35.7 7.5YR5/6 with very few 2,5YR3/6 mottles; 
thin 5YR5/:' co^;tings on peds 
M 
The pH values for the profiles studies are given in Table 6, The pH 
values of the three buried profiles as recorded in Figure 19 show little 
difference between profiles or within profiles. The pH values are between 
6.0 and 6.8 in all cases. Simonson (26) obtained soi^what similar 
results in a study of buried soils. The rather high pH values throughout 
the profiles were attributed by him to be due to resaturation with Ca and 
lAg leached from the loess above, A similar explanation seems logical for 
the three buried soils in ill is stuc^y. 
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Exchangeable potassium, pH, free iron an;:, non-exchangeable 
potassium released by extraction with l.OlCiNO^ 
Free Exchangeable Non-Exchangeable K 
Depth pH Iron Potassium released with l.OMiNO^ 
inches percent ME/lOO gm. ME/100 gm. 
Lindley variant D, profile P-453 
0-1.5 5.4 .68 .29 .50 
1.5-5 4.7 .65 .15 .57 
5-8 4.8 .55 .11 .49 
8-11 4.8 .81 .15 .48 
11-15 4.8 .98 .18 .54 
15-21 4.7 1.08 .21 .48 
21-27 4.6 1.48 .26 .39 
27-33 4.6 1.39 .20 .37 
33-AO 4.4 - .22 .38 
Lindley variant B, profile P-454 
0-1.5 6.0 .48 .33 .50 
1.5-4 5.9 .49 .21 .52 
A-7 5.8 ..49 .16 .39 
7-10 5.4 .69 .20 .37 
10-13 5.1 1.05 .22 .26 
13-19 5.0 2.10 .30 .41 
19-23 4.8 2.25 .38 .42 
23-28 4.7 2.08 .37 .41 
28-33 4.7 1.54 .35 .29 
33-40 4.8 1.40 .35 .29 
40-50 5.0 1.50 .25 .28 
Buried soil, profile P-455 
0-5 6.1 .97 .13 .55 
5-11 6.4 .85 .09 .39 
11-17 6.5 .72 .07 .29 
17-22 6.8 .63 .06 .18 
22-27 6.4 .74 .07 .20 
27-30 6.5 .86 .07 .21 
30-34 6.4 .84 .08 .16 
34-38 6.6 .95 .09 .19 
38-42 6.5 1.12 .10 .21 
42-47 6.6 1.30 .11 .28 
47-51 6.6 1.68 .14 .33 
51-55 6.7 1.83 .14 .37 
55-58 6.7 1.97 .16 .34 
58-63 6.8 1.92 .15 .28 
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Table 6. (continued) 
Free Bxchangeable Non-Exchangeable K 
Depth pH Iron Potassium released with l.OIfflNO^ 
Inches percent I'ffi/100 gaa. ME/100 gm. 
Buried soil, profile P-455 (continued) 
63-69 6.8 1.56 .12 .33 
69-74 6.7 1.50 .11 .35 
74-84 6,6 1.22 .11 .37 
84-92 6.7 1.36 .12 .34 
92-100 6.7 1.05 .11 .52 
Duried soil, profile P-456 
0-5 6.4 .88 .13 .45 
5-10 6.4 .74 .10 .31 
10-16 6.4 .65 .07 .24 
16-20 6.4 .70 .09 .20 
20-23 6.4 1.03 .13 .22 
23-26 6.3 1.61 .16 .29 
26-31 6.2 2.38 .23 .33 
31-35 6.2 2.00 .22 .31 
35-40 6.2 1.49 .19 .33 
40-43 6.3 1.35 .15 .31 
43-48 6.2 1.24 .13 .30 
48-54 6.4 .79 .12 .33 
54-61 6.6 1.06 .12 .37 
61-69 6.7 .86 .10 .36 
69-80 6.8 .85 .11 .57 
Buried soil, profile P-^57 
0-6 6.8 1.15 .28 .53 
6-10 6.8 .73 .08 .28 
10-14 6.8 .64 .08 .17 
14-17 6.8 .69 .10 .19 
17-20 6.7 .80 .10 .24 
20-25 6.4 ..95 .10 .26 
25-31 6.2 1.04 .13 .19 
31-38 6.3 1.92 .18 .32 
38-43 6.2 1.70 .18 .33 
43—48 6.3 1.40 .16 .42 
48-55 6.5 1.05 .13 .47 
55-61 6.4 1.06 .13 .54 
61-66 6.5 1.00 .14 .45 
66-72 6.6 .92 .13 .50 
72-80 6.8 .96 .09 .52 
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Table 6, (continued) 
Free Exchangeable Non-Exchangeable K 
Depth pH Iron Potassium released with l.ONHNO^ 
inches percent ME/100 gm. ME/lOO ga. 
Lindley variant D, profile P-458 
0-2 6.2 .70 .21 .64 
2-A 5.6 .81 .19 .59 
4-6 5.1 .87 .20 .63 
6-8 4.9 1.42 .21 .61 
8-12 4.7 1.94 .25 .66 
12-16 4.7 2.04 .24 .61 
16)—20 4.6 2.22 .24 .62 
20-24 4.7 2.24 .24 .61 
24-28 4.9 2,05 .23 .62 
28-33 5.5 2.01 .24 ,66 
33-39 6.5 1.75 .19 .70 
39-50 7.8 1.46 .u .72 
Lindley variant D, profile P-459 
0-6 5.8 ,88 .12 .47 
6-10 5.9 .90 .09 .46 
10-15 5.6 1,17 .11 .47 
15-19 4.8 1.61 .17 
.44 
19-24 4.9 1.77 .16 .51 
24-29 4.8 1.80 .20 .51 
29-39 4.7 1.85 .23 .48 
39-47 5.7 1.98 .27 .55 
39-47 5.7 1.98 .27 .55 
Lindley variant D, profile P-486 
0-5 5.8 .64 .26 .71 
5-9 5.0 .60 .13 .61 
9-13 5.1 .64 .U .52 
13-17 5.0 .85 .17 .54 
17-23 4.9 l.U .22 .53 
23-29 4.8 1.37 ,22 .43 
29-39 4.9 1.20 .21 .39 
39-50 6.2 .83 .17 .45 
as. 
Table 6, (continued) 
Free Exchangeable Non-Exchangeable K 
Sample Depth pH Iron Potassium released with I.OMNO3 
number inches percent ME/lOO ME/100 m. 
Lindley variant C, profile P-531 
1 0-5 5.4 .61 ,28 .45 
2 5-8 5.3 .78 ,12 .45 
3 8-12 4.9 1.03 .U .46 
A 12-17 4.8 1.60 .21 .49 
5 17-22 4.7 2.08 .21 .48 
6 22-28 4.6 2.12 .21 .46 
7 28-36 4.8 2.58 .18 .41 
8 36—4/. 4.7 1.43 .17 .65 
9 U-52 5.2 1.45 .24 .65 
Lindley variant B, profile P-532 
1 0-4 5.4 .97 .30 .52 
2 4.-8 4.8 1.24 .18 .42 
3 8-12 4.7 1.55 .22 .36 
4 12-16 5.1 1.73 .28 .37 
5 16-21 5.3 2,44 .39 .27 
6 21-27 5.5 2.10 .28 .37 
7 27-34 5.8 2,00 .21 .39 
8 34-42 6.2 1,06 .21 .45 
9 42-50 6.3 1.10 .22 .49 
Profiles P-U53s P-454, P-458, P-459, and P-531 display veiy 
similar pH curves as illustrated in Figures 20 and 21, None of these 
profiles were buried. The pH values of the surface horizons were between 
5.3 and 6,2 and then decreased to values between 4.6 and 5,0 in the next 
lower horizons. The pH values remained at this level in these profiles 
except in the lower horizons of profiles and T-A59 which are 
calcareous at the lower depth. In profile P-ii86 a narked increase in pH 
occurred in the lowest horizon of the profile. 
Fig. 19. Distribution of pli with depth for three buried 
profiles. 
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93. 
In the upper horizons of profile P-532 the pH values were siBiiliir 
to pH values of the upper horizon of the other Lindley profiles. However, 
at about 12 inches the pH was about five and increased with increasing 
depth, 
Below a depth of 34 inches the pH values were similar to values 
for the buried profiles. A possible explanation for ttiis is given in the 
discussion on base saturation. 
Free iron 
The free iron contents for the profiles studied are reported in 
Table 6. These values are plotted with depth in Figures 22, 23, and 2^, 
Within any one profile the free iron distribution seems to be related to 
the clay distribution with the higher free iron content associated with 
the higher clay values. Profiles with a ferretto zone which was also 
the zone of maximum clay accumulation generally had a higher free iroa 
content in this zraie than did the ncxi-ferretto profiles in their zone 
of maximum clay accumulation. An exception to this is P-A58 T«diich has 
iron values comparable to the ferretto zones. 
The differences between the free iron content for the ferretto and 
non-ferretto layers are not great. Profiles P-453 and P-4,86 had maximum 
free iron values which were about 0,5 percent less than the maximum free 
iron values of the ferretto zones. Profile P-459 had only slightly less 
free iron than that of ferretto zones. Profile P-4.58 had free iron 
values comparable to the ferretto zones. 
Fig, 22, Distribution of free Fe with depth for three 
buried profiles. 
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In Table 7 1±ie free iron content and clay content of the horizons of 
maximum clay accumulation for the six soils with ferretto asones are reported. 
The horizon of maximum clay content and the horizon of ciaxiRmm free iron 
were the same in all cases except profile P-531. In this profile the 
maxiinum free iron content occurred just below the horizon of maximum cloy 
accumulation. 
Table 7. The free iron content and clay content of the horizon of maximum 
clay acoucmilation for the six profiles having ferretto zones 
Profile Horizon 
number 
Horizon 
depth 
Percent less 
than 2 micron 
clay 
Percent 
free iron 
P-455 13 55-58 36.8 1.97 
P-456 7 26-31 65.2 2.38 
P-457 3 31-38 47.7 1.92 
P-454 7 19-23 U.4 2.25 
P-532 5 16-21 50.7 2.44 
6 22-28 36.2 2.12 
Though there are relationships of free iron and clay content within any 
one profile, the free iron and clay content between different profiles is 
not as clear cut. For example, in layer 5 (the 16-21 inch layers) of pro­
file P-532 the highest free iron content of 2.44. percent was obtained while 
in layer B of profile P-457 the lowest free iron content of 1.92 percent 
was obtained, yet these two layers had comparable clay content having values 
of 59.7 and 47.7 percent, respectively. In profile P-531 a free ipoi content 
99. 
of 2,12 percent was obtained in its horizon of maximum clay accuriulation 
which is 36,2 percent. In the mxt lower horizon in this profile the clay 
content dropped to 29.5 percent, but the free iron content increased to 
2.58 percent. This value represents the highest free iron content 
obtained for any horizon collected. 
There does not seem to be a clear cut relationship between clay 
content and free iron in the different ferretto zone?;, also the differ­
ences of free irtai values between ferretto zones and non-ferretto layers 
were not appreciable. Neither is there a definite relation^ip between 
Munsell color values and content of free iron, indicating that the color 
of the ferretto is not due as much to the amount of iron as it is to the 
crystal form or to other properties as particle size and hydration state, 
Ii/hite (39) in observing the brighter solum colors of the Grsy-Brown 
Podzolic soils as compared to ttieir transitional associates thcw^t 
that the difference might be related to the form of the free iron present. 
He suggested that the iron oxides in the Gray-Brown Podzolic soils 
possibly was in a more dehydrated form to give a more reddish shade than 
is found in the transitional soils. 
The free iron content with depth for profiles P-459, P-531, and P-532, 
which represented the three principal soil units mapped in Tract II, are 
shown in Figure 24, The free iron ccsitent of profiles P-531, and P-532 
were comparable but hi^er than in profile P-459. In profile P-531 the 
maximum free iron content in any layer was 2,58 percent, in profile 
P-532 the maximum was 2,/^4. percent, but in profile P-/+59 the maximum free 
iron content in any layer was 1,98 percent. Profiles P-532 and P-531 had 
ferretto zones, but P-4.59 had no ferretto layar. As discussed above it 
seems that ferretto layers had somewhat higher amounts of free iron, but 
there appears to be little difference in the free iron contents of the 
ferretto zones regardless of clay, content or color. 
Exchangeable potassium and potassium released from non-exchangeable form 
by extraction with 1,0 N nitric acid 
The values of exchangeable K for the Lindley profiles reported in 
Table 7 range from ,09 to ,39 ine/lOO gras. with a large number of the values 
falling between ,15 and ,30 me/100 gms. This 'xn:"e of values is of the 
same magnitude reported by Green (8) for Hayden profiles developed from 
Gary and Mankato till and for a Gray-Brown Podzolic profile developed frora 
lowan till. 
From the values for exchangeable potassium in Table 7 and the 2 micron 
clay data in Table 2, it is evident that for the Lindley {irofiles the 
amount of exchangeable K is related to the clay content. In general the 
higher the clay cwitent in any given horizon the hi^er the amount of 
exchangeable K. This seems to hold time except in the horizon. The 
values for exchangeable K in the horizons are generally higher in rela­
tion to their clay content than other horizons. The higher values in the 
A^ are likely a result of potassium added by plant residues. 
In Table 8 are shown the percent potassium saturation on the exchange 
complex for selected horizons of three Lindley profiles and selected horizons 
of three buried soils. For the samples from the tiiree Lindley profiles 
there appears to be little difference in percent K saturation on the exchange 
101. 
Table S. Percent exchangeable potassium on the exchan.je complex for 
selected horizons of three Lindley and of three buried profiles. 
Percent K 
Profile Horizon Depth in Exchangeable Sum of saturation of 
number inches K cations the exchange 
COtelex 
P-459 1 0-6 .12 12.29 .98 
2 6-10 .09 11.21 .80 
3 10-15 .11 10.71 1.03 
4 15-19 .17 13.76 1.24 
5 19-24 .16 16.02 1.00 
6 24-29 .20 18.20 1.10 
9 39-47 .27 18.39 1.47 
P-531 1 0-5 .28 11.69 2.40 
2 5-8 .12 12.89 .93 
3 8-12 .14 15.72 .89 
4 12-17 .21 17.70 1.19 
5 17-22 .21 17.99 1.17 
9 44-52 .24 15.64 1.53 
P-532 1 0-4 .30 17.60 1.70 
2 4-8 .18 17.17 1.04 
3 8-12 .22 20.14 1.09 
4 12-16 .28 26.10 1.07 
5 16-21 .39 29.29 1.33 
9 42-50 .22 22.05 1.00 
P-457 1 0-6 .28 21.85 1.28 
3 10-14 .08 9.78 .82 
5 17-20 .10 13.80 .82 
6 20-25 .10 15.66 .64 
8 31-38 .18 29.91 .60 
9 38-43 .18 30.19 .60 
13 61-66 .14 19.00 .74 
P-456 7 26-31 .23 40.33 .57 
8 31-35 .22 37.11 .59 
P-^55 13 55-58 .16 20.39 .78 
complex except for surface horizons of profiles P--531 and P-532 and the 
lower horizons of profiles P-4.59 and F-531. These horizons had slightly 
higher values. 
From the clay distribution curves for profiles P-459, P-531, and 
P-532 it is interpreted that profile P-532 is more strraigly developed 
than either P-4.59 or P-531. However, the percent K on the exchange 
complex for these profiles show comparable values regardless of this 
difference in development, 
The exchangeable K values for the three buried profiles were lower 
than that found for the Lindley profiles. The percent K saturation of 
the exchange complex also was lower for prof le P—457 and the ferretto 
zones of profiles F-4-55 and P-/456. It is likely that resaturation of 
these profiles with bases from the overlying loess has resulted to son© 
extent in the removal of exchangeable K from the exchange complex. 
The amount of non-exchangeable K released by extraction with 1. 
0 N as reported in Table 7 does not appear to exhibit any specific 
trend in the profiles studied. In profile P-532 there was a rather 
marked decrease in the amount of K released in the ferretto zone as com­
pared to the other layers. Such a decrease was not evident in the 
ferretto zcaes of other profiles. In profile P-458 a hi^er release of 
K occurred than in the other profiles. As profile P-4.58 appears to be 
comparable in soil development to profiles in this study, such as profile 
P-4.59, it would seem that this difference in acid extractable K could be 
attributed to the nature of the parent material. 
The values obtained for potassium released froai non-exchangeable 
forsi as shown in Table 7 for the Lindley profiles varied from ,26 to 
.72 rae/lOO gms. However, most of the values fall between ,U to ,6 
ne/lOO gms. These values are slightly lower than values reported by 
Pratt (17) for a Nicollet soil developed from late Wisconsin till and 
a Carrington soil developed from lowan till. The values for these 
Wisconsin till-derived soils varied from ,6 to ,7 me/lOO gms. 
Profiles P-^55, P-456, and P-4-57 have varying thicknesses of pedi-
sediment over till, presumably Kansan. The amounts of K released in 
the uppermost horizons of this pedi-sediment are soaewhat cossparablo to 
values obtained for horizons from Kansan till. Values for other horizons 
in the pedi-sediment were quite low falling for the most part between ,20 
and .25 cie/lOO gms. The higher values in the upper horizons of the pedi-
sediment may be due to the loess mixed i^dth the pedi-sediment. In 
general it appears that the pedi-sediment is lower in potassium su'.\d lying 
power than the Kansan till. 
The data on exchangeable potassium and potassium released from non-
exchangeable form by extraction with l.ON point out that the forest-
derived profiles developed from Kansan till are low in exchangeable 
potassium and potassium reserved having values somewhat comparable to 
Wisconsin till-derived soils (17). 
Values obtained for exchangeable K and non-exchangeable K released 
by extraction with 1,0 N nitric acid indicate that the relatively higher 
values of exchangeable potassium do not necessarily correspond with 
similarly high values of acid extractable potassium. It would appear tliat 
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exchangeable potassium by itself does not necesBarily represent an 
accurate measure of the potassium supplying power of the Lindley soils. 
Exchange capacity values 
The sura of exchangeable cations as reported in Table 9 show a very 
close relationship to the percent of less than 2 micron clay. The varia­
tion in the sum of cations is similar to the vr.riation in clay ccaitent 
both between horizons and between profiles. 
Profile P-4.59 at the 24-29 inch dspth has a clay content of 36,5 
percent, with a cation exchange capacity of 18.2 me/lOO gms. at 2ii.~29 
inches. At the 17-22 inch depth in profile P-531 the clay content was 
35.7 percent and the cation exchange capacity was 18.0 me/100 gms. 
Values obtained by Green (8) on Gray-Brown Podzolic soils developed on 
Mankato, Gary, and lowan till show comparable results. In profile P-396, 
a Hayden profile developed from Mankato till, a maximum clay content of 
27,2 percent was reported with the sum of exchangeable cations in this 
horizon of 16,6 me/100 gras. In profile P-4.09, a Gray-Brown Podzolic 
soil developed from lowan till, a maximum clay content of 33,3 percent 
was found by Green (8) and the sum of exchangeable cations was 17,5 me/ 
100 gms. for that horizon. 
The sum of exchangeable cations, wich can be considered to equal the 
cation exchange capacity in the zone of maximum clay accumulation in pro­
files P-532 and P-457, was approximately 30 me/100 gtns. which is similar 
to that obtained in the zone of maximum clay accumulation in the Weller 
profile studied by kliite (39). The clay content of this zone in the Heller 
Table 9. Exchangeable H, K, Ga, Mg, Ca/Mg ratio, sura of cations, and base saturation for 
selected horizons of three Lindley profiles and selected horizons of buried 
Gray-Brown podzolic soils 
Sum of Base 
Profile Depth Exch. H Exch. K Exch. Ca Exch. Mg Ratio exchangeable saturation 
(inches) me/lOOg, me/lOO g. me/lOO e. me/lOO e. Ca/Me cations yaercent 
0-6 3.8 .12 7.0 1.4 5.0 12.3 68.9 
6-10 3.3 .09 6.4 1.4 4.4 11.2 70.4 
10-15 3.0 .11 5.8 1.8 3.3 10.7 72.2 
15-19 5.1 .17 6.5 2.0 3.2 13.8 63.0 
19-24 6.6 .16 7.1 2.2 3.2 16.0 58.6 
24-29 6.8 .20 8.9 2.3 3.9 18.2 62.8 
3.1 .27 12.3 . 2.7 4.6 18.4 83.1 
P-531 0-5 5.9 .28 4.1 1.4 2.9 11.7 49.2 
5-8 6.1 .12 4.7 1.9 2.4 12.9 52.6 
8-12 8.9 .14 u.u 2.2 2.0 15.7 43.2 
12-17 11.8 .21 3.4 2.2 1.5 17.7 33.1 
11.5 .21 3.6 2.7 1.4 18.0 36.1 
U-52 2.1 .24 8.8 4.5 2.0 15.6 86.5 
P-532 0-4 6.7 .30 8.4 2.2 3.8 17.6 61.9 
4—8 10,1 .18 4.2 2.7 1.6 17.2 41.2 
8-12 9.4 .22 5.9 4.6 1.3 20.1 53.4 
12-16 7.4 .28 10.1 8.3 1.2 26.1 71.5 
16-21 5.6 .39 12.9 10.3 1.2 2?.3 K).7 
42-50 1.6 .22 13.7 6.6 2.1 22.0 92.8 
P-457 0-6 2.3 .28 12.5 6.8 1.8 21.8 89.3 
10-U 1.3 .08 5.6 2.8 2.0 9.8 86.4 
17-20 1.7 .10 8.2 3.8 2.2 13.8 87.5 
20-25 2.2 .10 9.1 4.3 2.1 15.7 86.1 
31-38 2.8 .18 18.8 8.2 2.3 29.9 90.7 
38-43 2.3 .18 19.3 8.4 2.3 30.2 92.3 
61-66 1.2 .U 12.7 5.0 2.6 19.0 93.5 
26-31 3.5 .23 26.4 10.3 2.6 40.3 91.4 
31-35 3.3 .22 23.6 10.0 2.4 37.1 91.1 
2.6 .16 12.4 5.2 2.4 20.4 87,4 
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was A7.3 percent compared to 4.7.7 percent in profile P-ii57 and 50,7 
percent in profile P-532. 
The cation exchange capacity obtained by Simonson (25) for a buried 
Gray Brovm Podzolic profile had 38.3 me/100 gni in the horizon of maximum 
clay accutaulation. The clay content was ii6,8 percoat. The values 
obtained in this study for buried and modern profiles agree with the 
data reported by Simonson, Simonson (25) concluded from differential 
thermal analysis and from the high cation exchange capacity values that 
the types of clay minerals in the buried an modern profiles are the same. 
Percent base saturation 
The percent, base saturation for the profiles are reported in 
Table 9. The data are plotted in Figure 25. 
Profile P-531, which has colors much redder than profile P-^59, has 
a percent base saturation which is much lower than profile P-ii.59. The 
lowest percent base saturation of any horizon for profile P-531 is 33*1 
percent compared to a low value of 58,6 percwit for profile P-459. 
The percent base saturation of profile P--^59 is quite similar to that 
reported by Green (8) for a Gray-Brown Podzolic profile developed from 
lowan till and for a Fayette silt loam profile, also a Gray-Brown Podzol, 
reported by White (39). The values for profile ?-A59 are somewhat lower 
than for two Hayden profiles, a Gray-Brown Podzol series also developed 
from Gary and l<lankato till reported by Green (8), The values for profile 
P-531 are socaewhat comfarable to the values of a Weller silt loam profile, 
a Gray-Brown Podzol froK Wisconsin loess, reported by White (39). A low 
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value of 39.6 percent base saturation was obtained on the U'eller compared 
to 33.1 percent for profile P-531. As illustrated in the relationships 
discussed above it appears that profile P-531 is somewhat mare strongly 
weathered than profile P-459. 
The values for the sura of cations are high throughout profile P-4.57 
which is a buried profile. The percent base saturation is about 90 per­
cent, This is in line with the pH values obtained for the three Imried 
profiles, and also, is similar to results obtained by Simonson on a 
buried Gray-Brown Podzolic profile (26). The high base saturation for 
profile P-4-57 is interpreted as resulting from a resaturation of the pro­
file with bases leached down from the overlying loess. 
Hie percent base saturation of profile P-532 reached a low of A1.2 
percent in the U to inches depth and then increased with depth until 
values similar to those for the buried profiles were obtained. The pH 
values for profile P-532 display a simileir pattern. Possible explanations 
for this relationship could be that the profile was mantled by loess until 
quite recently and/or that a longer period of water saturation resulted in 
increased weathering such that more bases were supplied to the lower 
horizons. 
Profile P-532 was collected in the center of a seven percent ridge area 
at a point 50 yards downslope fror^i where the loess terminates. The location 
of this sampling site is shown in Figure 6. It seems possible that loess 
could have mantled this site until quite recent times. Prior to the removal 
of the loess the pH and percent base saturation values could well have been 
similar to those obtsdned for the buried profiles in this study. Since the 
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removal of the loess there could have been sufficient leaching to cause 
the removal of bases in the upp: r horJzons but not enough for any appre­
ciable removal of bases in the lower horizons. Profiles P-459, P-531, 
and P-532 had been collected after several heavy rains. Profiles P-^59 
and P~531 were moist throughout. Profile P-532 was moist down through 
the upper part of the ferretto but dry below this point. This suggests 
that the clay ferretto zone is slowly permeable to water. This relation­
ship would be a factor which would retard the leaching of soluble bases 
from the lower horizcms in profile P-532 and would help lead to the type 
of results obtained for pH and percent base saturation in this profile. 
Ca/Mg ratios 
As the percent base saturation suggested more intensive weathering 
in profile P-531 compared to profile so do the ratios of the 
exchangeable calcium to magnesium or the Ca/Mg ratio. The Ca/Mg ratios 
obtained for profile P-A59 recorded in Table 9 and plotted in Figure 26 
are quite high. None of the horizons have values less than 3.2. But in 
profile P-531 the values are lower reaching a low of 1,36 at a depth of 
17-22 inches. 
As there is a possibility that P-532 has been mantled by loess until 
rather recently any interpretation of values obtained for this profile 
might not be meaningful. 
The Ca/Mg ratios obtained for profile P-4,59 are somewhat comparable 
to values obtained on Gray-Brown Podzolic soils developed fMm Mankato, 
Cary, and lowan till by Green (8), The values obtained for profile P-531 
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Figure 26, Exchangeable Ca/Mg ratios with depth for three Lindley 
profiles and one buried profile. 
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run slightly higher than those obtained on Weller by White (39) and are 
somewhat similar to the Clinton series (39). 
The Ca/Mg ratios obtained for profile P--4-57 show a very gradual 
increase throughout the profile. The values in this profile are of the 
saoB magnitude as those reported by Simonson (26), The effect of 
resaturation of bases from the overlying loess would raalce these ratios of 
little value in interpreting the intensity of weathering of this profile. 
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DISCUSSION 
This study was undertaken with the purpose of developing a better 
understanding of the range and nature of the variations in the Lindley 
series. Results of such a study should be valuable in determining if the 
range in properties of the Lindley series is too wide, and if so, to guide in 
the redefinition of the Lindley series and in the establishDjent of new 
series. In carrying out this study general field observations were toade 
along with the preparation of very detailed maps in vAiich variations in 
the Lindley series were delineated. Seven profiles representing the main 
variations, or variants, were collected. In addition three buried profiles 
were collected. Studies of morphological, physical and chemical proper­
ties were made for these ten profiles. 
Following is a discussion of the variations observed in the Lindley 
series together with a discussion of the relationship of the Lindley 
variants to Gray-Brown Podzolic soils developed from Wisconsin till and 
loess, functional relationships of these variations, and ttieir classifi­
cation. Also included is a discussion of the relationships of the buried 
soils to these Lindl^ variants. 
113. 
Variations Observed in the Lindley Series 
AB a part of this study very detailed soil maps were prepared for 
two areas. These areas are located in Lucas County and were designated 
as tracts I and II. Tract I was 15 acres in area and tract II, 25 acres 
in area. Five separations were made for the soils developed from till 
presumed to be Kansan. These separations were designated as Lindley 
variant A, Lindley variant B, Lindley variant C, Lindley variant D, and 
Lindley varj'ant E, 
In Table lb are listed the more important characteristics used to 
differentiate these Lindley variants in the field taapping of tracts I and 
II. 
Variant A was distinguished froia variant B on the basis of thickness 
of the pedi-sedimait. Variant A had a pedi-sediment 24 inches or greater 
in thickness and variant B had a pedi-sediment less than 24 inches in 
thickness. Variant B and variant C were distinguiiSied primarily on the 
basis of texture and color the ferretto zone. The color of the ferretto 
zone in variant B was redder in hue with red or dark red mottles being 
more common than in variant C. The texture of the ferretto zone in 
variant B was clay compared to clay loam of this zone in variant C. 
Variant C was distinguished from variant D essentially on the basis 
of color. The color of the B2 horizon of variant C was redder in hue than 
variant D. Variant C also had a mcare strongly developed subangular blocky 
structure than did variant D, 
Variant D was distinguished from variant E on the basis of depth to 
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carbcaiates, which occurred at a depth of 24 inches or less in vairiant E, 
Profiles P-A59, P-531, and P-532 v;ere collected froBi areas icapped as 
variant D, variant C, and variant B, respectively. Laboratory data were 
obtained on these profiles to further aid in characterizing these three 
variants. In Table 10 physical and cheoiical properties for key horizons 
that distinguish these profiles are reported. In addition to profiles 
P'-A59f P-531, and P-532, data were obtained on the other four Lindley pro­
files collected. These profiles are P-v453, P-454, P-45f?, ?-A86 and are 
listed according to the variant vith which they would be classified. 
As can be seen from the data in Table 10 the B/C. clay ratios for 
profiles of variant B are higher than for profiles of variants C and D, 
The cation exchange capacity of the is also hi^er for variant B than 
for variants C and D. The percent base saturation and exchangealbe Ca/Mg 
ratios for variant D are considerably hi^er than for variant C, The 
percent free iron in the B^ is similar in variants B and C but these values 
are hi^er than values for profiles in variant D, 
Table 10, Physical and chemical properties of key horizons for the 
Lindley variants 
Profile Lindley 
variant 
Cation ex­
change capa­
city of Bg 
me/lOO stas. 
Free 
iron 
of Bg 
percent 
Ga/oig 
ratio 
of B? 
Base sat­
uration 
of B2 
percent 
2 
clay 
of Bp 
percent 
B/C 
ratio 
P-453 variant D 1.A8 26.5 1.1 
P-454 variant B - 2.25 - > 44.4 1.8 
P-A58 variant D - 2,22 - •> 37.7 1.2 
P-/^59 variant D 18.2 1.80 3.9 62.8 36.5 1.1 
P->486 variant D - 1.37 — 33.2 1.3 
P-531 variant C 18.0 2,12 1.4 36.1 36.2 1.1 
P-5?2 variant B 29t? 2.44 1.2 80.7 50.7 l.A 
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Al'Uiough no profiles were collected representing variant A, two of 
the buried profiles collected, P-4.55 and P-4.57, had zones of pedi-sediment 
that were ovei' 30 inches thick. Results from morphological, chetnical, and 
physical studies of these profiles indicate that the pedi-sediment varies 
from the underlying till in such characteristics as clay content, structure, 
and potassium supplying power. 
Data obtained in this stut^ indicate that variants A, B, C, and D 
represent distinct units and should be given consideration as new series 
if refinements in the present Lindley series are to be made. Variant E 
was simila;r to variant D except that it was calcareous at deptos less than 
24. inches. It would seem that variant E mi^t be included as a calcareous 
substratum variant of D and not considered at the series level. 
In the ten profiles collected the clay content of the Cj^ horizons, 
which in this study was considered to be equivalent to the parent material, 
was observed to range from 21,9 percent to 36,0 percent. At the present 
time not enough is toown about the extent and nature of this variation in 
clay content, nor the significance of it regarding such factors as 
permeability, bulk density, and porosity, to consider using texture of the 
Cj horizon as a criteria in establishing new soil series. 
The clay content of the ferretto zones in variant B profiles P-4-5A 
and P-532 was 44.A percent and 50,7 percent respectively. For the buried 
profiles P-4.56 and P-457 the clay content of liie ferretto zone was 65.2 
percent and /^7,7 percent respectively, Kius, a range in clay content of 
44-5 to 65.2 percent in the ferretto zone, or Bg horizon was observed for 
these four profiles. 
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As buried soils are frequently observed to outcrop on the modern 
surface, variations in clay content of the ferretto zone in these soils 
will give an indication of the variation in clay content liiat can be 
anticipated for modern soils such as variants A and B. As indicated by 
the clay content of the four profiles discussed above, variants and B ^ 
can be expected to have an appreciable reinge in the clay content of the 
Bg, Because of ihese probable variations in clay content refinements of 
variants A or B do not seem desirable at the present time. Not enough 
is known about the nataare of these variations such that separations could 
be made consistantly in the field nor is it known what significance these 
variations have on crop growth. 
Relationship of Lindley Variants to Gray-
Broira Podzolic Profiles Developed from 
Wisconsin Till and Loess 
Morphological, physical and chemical properties of key horizons 
are listed in Tables 11 and 12 for the Lindley profiles and for selected 
Gray-Brown Podzolic soils developed from Wisconsin till and loess. The 
Lindley profiles are classified as variants B, C, or D, Profile P-396 is 
of the Hayden series developed from Kankato till, and profile F-4.01 is 
also of the Hayden series but developed fror. Gary till. Profile P-ii09 is 
a Gray-Brown Podzolic soil developed from lowan till. Profile P-32 of the 
Fsyette series, profile P-96 of the Clinton series, and profile P-A of the 
Weller series are classified as Gray-Brown Podzols, They developed from 
Wisconsin loess. 
Table 11. Morphological properties of key horizons for Lindley variants and selected Gray-
Brown Podzolic profiles developed from Wisconsin loesa and till 
•1/ 
Series 
of Profile 
variant 
Texture Color Structvire 
Profile of 82 of Bg of B2 
development horizon horizon horizon 
Consistmce 
of B2 
Structure 
of A2 
horizon 
Variant D F-453 
Variant B P-A5U 
Variant D P-i+58 
Variant D P-4.59 
Variant D P-486 
minimal 
maximal 
loam 
clay 
minimal clay 
loam 
minimal clay 
loam 
minimal clay 
loam 
yellowidi moderate 
brown subangular firm 
(IOYRSA) blocky 
with strong 
maixy 7.5YR subangular 
5/6 and com- blocky 
aon 2.5YEU/6 
mottles 
10yR5/6 
with 
7.5YR5A 
coatings 
on peds 
10YR5/6 
witii 
8.75YR5A 
coatings 
on peds 
7.5YR5/6 
with few 
lCfYR6/6 
mottles 
very firm 
moderate 
subangular 
clocky 
firm to 
very firm 
moderate firm 
subangu lar 
blocky 
moderate 
subangular 
blocky 
firm to 
very firm 
plaiy 
platy 
weak 
subangular 
blocky 
moderate 
granular 
weak 
platy to 
weak 
granular 
Table 11. (continued) 
Series Textxire 
of Profile Profile of 83 
Variant development horizon 
Variant C P-531 medial clay 
loam 
Variant B P-532 maxima1 clay 
Hayden P-396 minimal clay 
loam 
Hayden P-AOl miniaal clay 
loam 
P-409 minimal clay 
loam 
Fayette P-32 minifoal silty 
clay 
loam 
Color Structure Structure 
of 63 of B2 Consistence of A2 
horizon hcrizm of B? horizon 
7.5YR5/6 with 
few 2.5XR4/6 
mottles; 
5YR5A coat­
ings on peds 
moderate 
to strong 
subangular 
blockj'' 
fir:n 
very 
to 
firm 
moderate 
granular 
6.25YR5/4 with 
many 2.5X84/6 
mottles 
Btrcmg 
subangular 
blocky 
very firm — 
10YR4/4 with 
10yR4/3 coat­
ings on peds 
medium 
blocky 
firm granular 
10YR4/2 blocky firm weak platy 
to small 
blocky 
10YR5/2 slight 
mottles of 
5YR5/8 
blocky 
firm 
very 
to 
firm 
platy 
10YR4/3 moderately 
stron,i sub-
angular 
blocky 
firm to 
sli^tly 
firm 
platy 
Table 11. (continued) 
Series 
of 
variant 
Profile 
Texture 
Profile of B2 
development horizon 
Color 
of B2 
horizon 
Structure 
of B2 
hori zon 
Consistence 
of Bp 
Structure 
of A2 
hori zon 
Clinton P-96 medial silty 
clay 
loam 
10YR5A subangular 
bloclcy 
firm granular to 
weak platy 
Weller P-A maximal silty 
clay 
10YR5A moderately 
strong sub-
angu lar 
blocky 
very firm 
to firm 
platy 
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Table 12, Ph/sical and cheirdcal properties of key horizons for Lindley 
variants and selected Gray-BroiAm Fodzolic profiles developed 
from Wisconsin loess and till 
Base Cation 
Series Free satura- exchange B/C 
or 
variant Horizon Profile 
iron 
uercent pH 
tion 
percent 
Ca/Mg capacity 
ratio me/100 gms. 
clay 
ratio 
Variant D B2 P-453 l.AB 4.6 1.1 
Variant B B2 P-454 2.25 4.8 1.8 ' 
Variant D ^2 P-458 2.22 4«6 1.2 
Variant D 02 P-259 1.80 4.8 59 3.2 16.0 1.1 ' 
Variant D B2 P-ii86 1.37 4.8 1.3 ^ 
Variant C B2 P-531 2.12 4.6 36 1.4 18.0 1.1 
Variant B B2 P-532 5.3 88 1.2 29.3 1.4 
Hayden B2 P-396 1.27 5.2 74 2.88 16.9 1.1 
Haydon B2 P-401 1.29 4.9 86 2.06 24.0 1.2 
Coggon P-^09 1.77 4.6 62 4.45 17.5 1.1 
Faj'ette 
^2 P-32 • 1.3A 4.4 78 1.9 25.8 1.2 
Clintcm B2 P-96 1.59 4.2 84 1.56 24.8 1.5 ' 
Waller B,-2 p-4 1.4.6 3.9 51» 0.8 J1.6» , 1.? 
*Approxiniate values 
It can be seen from Table 11 that the general morphological character­
istics of key horizons for the Lindley variants are quite similar to tiie 
key horizons for the Wisconsin till and loess derived soils. An exception 
to this is that the color of the Bg for variants B and C is redder in hue 
than variant D or the Wisconsin till and loess derived profiles. 
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As can be observed from the data in Table 12 the B/C clay ratios of 
profiles classified as variants C and D are siGiilar to the Hayden profiles, 
to the Fayette profile, and to the profile P-409 while the B/C ratios 
of the variant B profiles are more similar to the Clinton and !^eller pro­
files, The free iron contents of the Bg for variant B and variant C were 
sli^tly higher than the other profiles listed in Table 12, 
Percent base saturation of profile P-459, which was classified as 
Lindley variant D, had a value in the B2 similar to profile P-A09, This 
value is lower than the values for the Hayden, Fayette, and Clinton pro­
files but higher than the percent base satiaration of the B2 in the Weller 
profile. Profile P-531 classified as Lindley variant C had the lowest 
percent base saturation of all the profiles being slightly lower than the 
Weller profile. 
The exchangeable Ca/Mg ratio of the B2 horizon for profile P-A59 
had a value comparable to the Hayden profiles and the Fayette profile. 
For profile P-531 the exchangeable Ca/Mg ratio of the 83 was hi^er than 
the Weller but similar to the Clinton profile. 
The cation exchange capacity of the B2 is related to the clay content 
of the B2 horizon* For instance, the Weller profile and profile P-532 
classified as variant B have B2 horizons with the highest clay content 
of the profiles listed. The cation exchange capacity of the B2 was also 
highest for these profiles. 
The nature of the morphological, physical and chemical properties of 
key horizois for Lindley variants B, C, and D and for Gray-Brown Podzolic 
profiles developed from Wisconsin till and loess point out the similarity 
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in properties for the Lindley variants to tl-ie propertic3s of these Gray-
Brown Podzolic profiles. Although there was a range in properties for the 
Lindley variants a somewhat conparable range also exists for the profiles 
developed from Wisconsin till and loess. 
Developmental Sequence of the Lindley Variants 
As has been observed the Fayette, Clinton, and teller profiles 
have a range in properties for key horizons as do the Lindley variants, 
Riecken (18) points out that the Fayette, Clinton, and V/eller series range 
in their relative ••maturity" or degree of horizon differentiation. Green 
(8) has classified these loess-derived soils as minimal, medial or 
maximal Gray-Brown Podzolic soils on the basis of a scheirs proposed by 
Thorp and Smith (35). In this scheme members of a great soil group whose 
characteristics are weakly developed for the group would be considered 
minimal members of tiiat group. Members whose characteristics are developed 
beyond the medium for the group would be considered maximal and other 
msnbers would be considered medial. 
Green (8) considered the Weller to be a maximal Gray-Brown Podzolic 
soil, the Fayette a minimal or p' rhaps an intergrade to the medial stage 
and the Clinton a medial Gray-Brown Podzolic. He also classified the 
Hayden series on this basis. The Hayden was considered a minimal Gray-
Brown Pdozolic or perhaps a minimal-medial intergrade. 
As shown in Table 11 and 12 profiles of Lindley variant D have pro­
perties similar to the Hayden profiles, P-396 and P-AGl, the Fayette 
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profile P-32, and profile P-4.09. Tius, it would appear that variant D is 
similar in degree of development to the Wisconsin till and loess derived 
soils considered minimal Gray-Brcrn Podzolic soils or ndnimal-medial 
intergrades. Properties as the B/C clay ratios and exchangeable Ca/Mg 
ratios of profiles classified as variants B and C of the Lindley series 
indicate that these variants su^e more atro -jgly developed than variant D, 
Profile P-531, classified as variant C, had a low B/C clay ratio \Aich is 
similar to the B/C clay rat:o for the Fayette profile P-32, but had a 
Ca/Mg ratio similar to the Clinton profile, P-96, and a percwit base 
saturation slightly lower than Weller, Profile P-4,. The exchangeable Ca/ 
Mg ratio, percent base saturation, and redder hue of the Eg for profile 
P-531 suggest that variant C is more intensely developed than variant D, 
Profiles P-532 and V-U5U classified as variant B had B/C clay ratios 
comparable to the Weller and Clinton profiles. The hue of the of pro­
files P-532 and P-A54 was redder than in profile P-531. Profile P-532 
had a cation exchange capacity of the B2 similar to the Weller profile. 
These properties suggest that variant B was more strongly weathered than 
either variants C or D. 
Therefore, it is interpreted here that the I.indl^ variants form a 
developmental sequence as do the Fayette, Clinton, and Weller soils* 
Variants A and B are considered the more strongly developed and variants 
D and E the least strongly developed with variant C intermediate between 
these groups. 
Though the Lindley variants are considered as part of a developmental 
sequence, the soil forming factors causing the sequence are difficult to 
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segregate and evaluate. Considering only relationships of slope gradients 
and degree of horizon development the Lindley variants form a partial 
topo-sequence. Variants A and B were observed to occur on the ridges and 
uppermost slopes with a slope gradient of 5 to 10 percent. Variant C with 
a slope range of 12-15 percent occurred in a topographic position down-
slope froa variants A and B, Variant D with a slope range of 17-25 
percent was observed to occur in a slope position downslope from variant 
C. Variant E with slopes up to 30 jjercent was observed to occur generally 
downslope fror.i variant D, In general there is an apparent relationship 
of increasing degree of horizon development with decreasing slope. As will 
be discussed next, other soil forming factors than topography nay have also 
contributed to the development. Therefore, the sequential relationship 
of the Lindley variants is.not considered wholly a true topo-sequence 
but is considered in part a pseudo-topo-sequence, 
Scholtes et al. (22) have commented that ferretto zones or B horizons 
of strong brown color have not been observed in soils derived from Wiscon­
sin till or loess, Scholtes et al. (23) have speculated that some of the 
till-derived soils of Taylor County, Iowa, are possibly of early Wisconsin 
age as regards time of profile development, Ruhe and Cady (21) concluded 
that in southwestern Iowa where the Kansan till is truncated by an erosion 
surface, which is indicated by a stone line below variable thicknesses of 
the pedi-sediment, that the period in which the erosion bevel formed is 
Late Sangamon, In the area of southwestern Iowa studied by Ruhe and Cady, 
they concluded that some of the buaJed soils derived from Kansan till were 
Late Sangamon in age as regards ti e of development though the till was 
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deposited in the Kansan glacial age. Their conclusions were based on 
stratigraphic and geoaorphologic criteria and not on soil development 
criteria. In the area of this study, particularly tracts I and II detailed 
geomorphological study would need to be made before the Lindley variants 
could be given reasonably valid ages. As pointed out by Scholtes et al, 
(22) the colors of the ferretto zones could be possibly the result of a 
long period of weathering or a different climatic and vegetative regime. 
Though one might speculate that the Lindley variants A, B, and C, vAiich 
have ferretto zones, have relict solum characteristics acquired during 
Late Sangamon or earlier time of weathering, ftirther stratigraphic and 
geomorphologic proof would seem to be necessary. As has also been pointed 
by Scholtes et al,(22) soils somewhat similar in development to the 
Lindley variants D and E could also be buried by later additions or 
loess. Soils as the Lindley variants D and E might have formed in 
Kansan materials exposed by truncation in L-• Sangamon times, xdth 
subsequent burial by Wisconsin loess followed by stripping of the loess. 
Lindley variants D and E could possibly have developed also after trunca­
tion of the Late Sangamon Wisconsin loess covered surface during late 
Wisconsin times. Using only soil morphology criteria, the course of soil 
development can not be interpreted. It appears that the contribution of 
time as a factor in the genesis of the Lindley variants cannot be answered 
with the data at hand, 
A question can also be raised as to whether or not Lindl^ variants 
A, B and C and Lindley variants D and E have formed from the same parent 
material which is Kansan till. Lindley variants A, B and C have weathered 
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in part during a climatic and vegetation regime different than the present 
environment. They were partially truncated, buried by loess, resaturated 
with bases from the loess and then re-exposed by erosion to weatherir^. 
If one assumes zero time of soil formation of Lindley variants A, B, and 
C to begin with their latest exposure, then properly the parent material 
of Lindley variants A, B, and C are weathered Kansan till. If time of 
formation of Lindley variants D and E begins with their latest exposure, 
their parent material is the oxidized, perhaps unleached, but essentially 
unweathered, minerologioally, Kansan till. By this method of comparison, 
Lindley variants A, B and C are formed from different parent materials 
than Lindley variants D and E, and could properly be designated as a 
partial geo-sequence. Such a designation would seem to be in keeping 
with the view of Scholtes et al,(22), 
From the above discussion it seems evident that a simple sequence 
designation of the Lindley variants is not possible at this time. It seems 
that time, parent material, topography, as well as, possibly climate, 
and vegetation are variables in vaiyizig degree. It is more or less evident 
that the Lindley variants A, B and C are part of a raulti-cycle of genesis. 
Further study might reveal that these variants should not be designated as 
sequentially related to Lindley variants D and E, Lindley variants D 
and 'i evidently have a more simple genesis. 
Relationship of Buried Soils to Lindl^ Units 
The three buried profiles, P-455, P-4.56 and P-iS?, have morphologi­
cal, ph;vsical and chemical properties generally similar to iiiose observed 
for profiles and P-532 classified as Lindley B and profile P-531 
classified as Lindley variant C. For these buried profiles and Lindley 
variants B and C the cation exchange capacity of the ferretto zone 
increased as clay content increased. The profiles were quite similar as 
to free iron content. The B/C clay ratios indicated a considerable varia­
tion in the degree of developmoat of these profiles with most of the 
profiles having somewhat higher ratios than the variant D profiles. The 
similarity of the ferretto zone in the buried profiles and the ferretto 
zones In profiles of Lindley variants A, B and C in regard to color, clay 
content and cation exchange capacity is of interest. It is suggested here 
that the ferretto zones in Lindl^ variants A, B and C are in part relict 
having probably developed these diaracteristics in pre-Wisconsin times. 
Classification of the Lindley Variants 
The Lindley series has been reported as including shallow Gray-Brown 
Podzolic soils and Regosols (27), Many of the buried soils developed fror^ 
Kansan till in the more dissected areas have been classified as Gray-Brown 
Podzolic or Gray-Brown-Red Yellow Podzolic intergrades (25). Such buried 
soils have been observed to outcrop on the present day surface (21) and 
are part of the present day Lindley series. The above along with observa­
128 
tions made in this study suggests the necessity of considering at least 
three great soil groups in classifying tha variants of the Lindley series. 
These are the Regosols, Gray-Brown Podzolic and Red-Yellow Podzolic groups. 
The Gray-Brown Podzolic soils have been defined in the 1938 ilgriculture 
Yearbook (38, p. 1168) as follows: 
A zonal group of soils having a comparatively thin 
organic covering and organic-mineral layers over a 
grayish-brown leached layer which rests upon an 
illuvial brown horizon; developed under decidicus 
forest in temperate moist climate. 
A committee on great soil groups in the Division of Soil Survey, U. S, 
Department of Agriculture in 19A8 suggested that the Red Podzolic and 
Yellow Podzolic great soil groups should be considered as one great soil 
group. The name Red-Yellow Podzolic soils was agreed upon for this 
combination (35, p. 120). At that time the following definition for Red-
Yellow Podzolic soils was prepared: 
A group of well-developed, well drained acid soils 
having thin organic (A) and organic-mineral (A) 
horizons over a li^t-colored bleached (Ag) horizon 
over a red, yellovish-red, or yellow and more clayey 
(B) horizons. Parent materials are all more or less 
siliceous. Course reticulate streaks or mottles of 
red, yellow, brown, and li^t gray are characteristic, 
of deep horizons of Red-Yellow Podzolic soil were 
parent materials are thick. 
The Regosol Great Soil Group wu3 established in 194-8 (35 p. 120) and 
defined as follows: 
An azonal group of soils consisting of deep uncon-
consolidated rock (soft mineral deposits) in xrfiich 
few or no clearly expressed soil characteristics 
have developed; largely confined to recent sand dunes, 
and to loess and glacial drift of steeply sloping 
lands* 
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The results of morphological studies along with laboratory investi­
gations indicate tiiat variant D, represented by profiles P-i453, P-4-5^5, 
F-4-59, and P-ASS would be included in the Gray-Brown Podzolic Great soil 
group. The nature and kinds of horizons, nature of the clay c-.r-ves, 
free iron content, pH, percent base saturation, and cation exchange 
capacity are similar to laany Gray-iirown Podzolic soils taapped in Iowa 
such as the Hayden and Fayette series. The lack of any pronounced clay 
differentiation in variant D, together with the relatively high base 
saturation and Ga/Mg ratios of :'"-vfile P-A59 would suggest that these pro­
files be considered under the scheme proposed by Thorp end Smith (35) as 
minimal Gray-Brown Podzolic soils. 
In classifying variants B and C, represented by profiles P-454, 
P-455, P-A56, P-A57, P-^31, and F-532 in this study, the question is raised 
as to whether these soils should be classified o? Trray-Brown Podzolic soils 
or Gray Brown-Red Yellow Podzolic intergrades. These Lindley variants 
with ferretto zones have colors which are redder in hue than found in 
Gray-Brown Podzolic soils of known Wisconsin age (22). However, the 
sequence of horizons is similar and the thickness of horizons appear 
comparable to the Wisconsin age soils. The free iron contents are slightly 
higher than values obtained for ttie Gray-Brown Podzolic soils. The 
exchange capacity of these Lindley variants with ferretto zones is similar 
to Gray-Brown Podzolic soils formed from Wisconsin loess and till. This is 
some indication that the type of clay minerals is similar. 
Numerous data on clay distribution in Red-Yellow Podzolic soils (2/i.) 
indicate that clay concentrations frequently occur at considerable depth. 
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Simonson states i?X) that the color, structure and consistence associated 
with the B horizon usually occur above the rnaximum clay concantrations. In 
earlier work it was generally felt that the clay fraction in Red-Yellow 
Fodzolic soils was kaolinitlc in character. Additional investigations of 
clay minerals in the soils of southeastern United States have shown that 
minerals other than kaolinite are important in a number of Red-Iellow 
Fodzolic soils (24). 
It would seeta that the profiles of the Lindley variants with ferretto 
zones in this study would not fit a "modal" concept of the Red-Yellow 
Fodzolic soils. It is recognized that the "modal" concepts for such 
groups as Gray-Brown Fodzolic and Red-Yellow Fodzolic may be defined 
that many soils in these groups will have properties that will be inter­
mediate between these "•modal" concepts. Hence, a difficult problem of 
deciding where to draw the line between these groups exists. The data 
on the Lindley variants with ferretto zones indicate that except for 
color they fit quite well in the concept of the Gray-Brown Fodzolic group. 
It does not seem that color by itself is sufficient criteria to classify 
these soils as intergrades to Red-Yellow Fodzolic soils. It is felt 
that on the basis of the data available on selected profiles with ferretto 
zones that they S'lould be included in the Gray-Brown Fodzolic group. 
Using the scbeme of Thorp and Smith profiles P-A5''.t F-456, F-A57, and 
F-532 which had ferretto zones of clay textures could be considered as 
representing maximal Gray-Brown Fodzolic §oils. Profiles F-455 and P-531, 
having ferretto zones of clay loam textures, would probably best be con­
sidered as medial Gray-Brown Fodzolic soils. 
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The Lindley variants A, B, C, and D aPe selected Gray-Brown Podzolic 
soils developed from Wisconsin loess and till are classified into low and 
high families in Table 13. 
Table 13. Classification of the Lindley variants ard selected Gray-
Brown Podzolic soils 
Series or 
Lindley variant Low facaily High family 
Great soil 
group 
Hayden 
Lindley variant D 
Fayette 
Coggon 
Payette 
Minimal 
Gray-Brown 
Podzolic 
Lindley variant C 
Clinton Clinton 
Medial 
Gray-Brown 
Podzolic 
Gray 
Brown 
Podzolic 
Lindley variant A 
Lindley variant B 
Weiler Weller 
Maximal 
Gray-Brown 
Podzolic 
The Hayden Coggon, and Fayette series, and variant D of the Lindley 
series, are placed in the same class at the low family level. These soils 
are somewhat similar in many characteristics as texture and permeability 
of the B horizon such that a separation of these units at the low family 
does not seem warranted. 
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Variant C is separated from the Clinton series at the low facily 
level but included with this series at the high family level. Variant C 
has little textural developtnent in the B horizon but other characteristics 
such as color, percent base saturation and Ca/Mg ratios suggest that it is 
more strongly developed than soils classed in the minimal Gray-Brown 
Podzolic faraily. It is distinguished from Clinton at the low family 
level on the basis of permeability and texture of the B. 
Variant A and variant B along with teller are placed in the same 
class at the high family level -jhile variant A and variant B are separated 
from Weller at the low family level. 
Series Classification of the Lindley Variants 
If new series were to be establi^ed for such variations in the 
Lindley series as variants A, B, C, and D it would seem that the Lindley 
name would best be maintai^ied for variant D and new series establi^ed 
for variants A, B, and C. This would be in line with work in Missouri 
where the Garaa series has been proposed for the red subsoil phase of 
Lindley with the Lindley series to be maintained but to have a more 
refined range of characteristics (4-). New series name would be givai 
to variant A, variant B would be included with the Gamma series, and a 
new series name given to variant C. 
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COfiCIUSIOMS 
The following conclusions were deduced from this study? 
1, Four distinct variants in the present Lindley series are 
evident as a result of field and laboratory studies. 
2» These Lindley variants deviate as to their relative degree of 
development in a manner similar to Gray-Brown Podzolic soils in Iowa 
formed from Wisconsin till and loess, 
3. The Lindley variants belong to the Gray-Brown Podzolic great 
soil group. 
4. A noticeable difference in the clay content of the Kansan till 
parent material is indicated, 
5. The ferretto zone which is present in many Lindley soils corre­
sponds to the 2ione of maximuK clay accurjulation. 
6. The intensity of re;! color of the ferretto zone appears to be 
related to the texture of this zcne, the redder colors being associated 
with the heavier textured ferretto zones. 
7. The free iron content of the ferretto zone does not appear related 
to the color of this zone. 
8. The free iron oxide contents of the Lindley profiles have a 
distribution in the profile similar to that of the less than two micron 
clay fraction. 
9. The Lindley soils are low in both exchangeable K and ncm-exchangeable 
K released by extraction with 1,0 N HNO^* 
13A, 
10, Potassium reserves in the pedi-sediment are lower than in the 
Kansan till, 
11, Except for the horizon the percent K on the exchange complex 
is similar for the Lindley soils regardless of the relative degree of 
developcoent of the profile. 
12, pH measurements and laeasureraents of relative amounts of cations 
on the exchange complex are of little value in studying the development 
of buried soils. 
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